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mtlODUCtlOB AD OIJICU:VU 
Allrlricao •11'1cultur• h.. become a hlahl1 aecbanl&ed tnduetry. Eech 
aucceedtn1 ••t of C.nau• lvt"•• ad Ulllted Stat•• Depart.Int of agrlcul• 
ture •taUaU.c• •how• an iacre .. • ln the number of tractor•, comblne1, 
ba7 b•l•r• and releted ap:1cultural aachin•• ln uee oo th• uatton'• 
faru. Iowa l• no •••ptioa to tbi.• trend. 'l'b• ltate of low• hu about 
23.S •tlllon c:rop .acr .. ; and 1 accordtaa to t&M Uatt•d Stat•• C.nau• of 
Agriculture for 1954 (J.9), lova le-41 all other atatea ln the nwaber of 
fat"lll tractor•, com picker•, and pickup balera, ad 1• 1ecotld tn the 
•ullber of grain cOllbind. Fro.a atattatlc. appeuf.01 ln the ?ova Annual 
Pu• C.naue for 1958 (&) ou can compute that Iowa farmer• "°" h..- on• 
tractor for ewry 80.5 crop acr••• one con picker for •v•f7 93 acnre1 of 
corn, ad one cOllbl• for every 93.5 acre• of 1oybeana, gl'ain aorgbwa, 
aad 1ul1 grain. 
ft••• flaur•• •uae•t that, oa the average, the•• uchlne• are not 
being ua•d up to tbef.r potential capaclt1••· rroa the •tand'°tat of aooc:I 
aumage•nt and econOIUcal production there aaet k •o. Opti.mll level of 
•ebanbatton for •t&Y particular fan. t.e .. •01111 optlllUll nulDber mld •b•• 
ot uchl••· LoglcaUy. tbe U10Unt of ucb.tnerJ owned by a f•rmr •houl.d 
be relat•d to the nuaber of acre• of the particular crape grown lo hie 
l"Ot.at.ion. Ob1ervatton reveala that tbb i8 of tea aot the c .. •. lt le 
not difficult to ftnd farcu o,.ratad with •l11Uar 80\lnt• of labor and / 
uchinery but differing greatly in •he of farna enterprise. The larger 
_) 
2 
ent•t'Prl.H• in the 41"WP mat therefol'e be reaU1lna a greater return 
fra11 tbetr labol' aad MChioery inve•t•ata. A better UM ol 1.t;ol' and 
sachf.ner7 re•ourcu on fu• could r••ult in lowered production coat• 
atad ln.creued prof tea. 
O&Jeottve• 
Sloe• then appear• to b• a w1de dUter•nc• ._., t .... r• in d\• 
comparative eff t.c:lency and coet 0£ operaUou inwlved ln tbelr reapec .. 
tlve enterpr'•••• lt ..... dee1ra\le to lnveatis•t• till• pbeD0111tnon. 
Durina the 19'9 crop year a atudy vu ude of the uae of tbe extattna 
Meblnet}' oo a large tova gratn .ad U.veatack lua. 'l'bi• •W<ly hm the 
followioa objective•: 
1. To 4etera1ne th• c••ltl•• of tntcaJ. &Uebloe• u1ed in lowa 
crop procl\tcttcm ln a typical fftll •ltuatlon. 
2. to dlleOYel't f.f poaat.bl•, tboae factor• lo lllCbl• mar.aaa-enc 
which coatl'lbute to tile mon effectlw uH of ..ohtnery. 
Method• for 1ttcreubas the effectlv•G••• end effi,eiency of agr1cul• 
tural workete hav• received 111.Jcb etteniton in t•e p .. t. th• ecarclt7 of 
agricultural voTker• and machine• whieb accompanied •or1d Var tt •tilMl• 
tated oontide.-able reaearcb in thf.• •T••· u a direct re•ult of thte 
acarctty1 a tlaU.onal raTa Work SlapU.ficatton Pcoject waa ••tabltahed in 
1943 to coordinate the effort• of twelve la grant college• vhlcll were 
pur.autna reaeuch on work illprov••nt •thod•. Ho•t of the atudl•• made 
under th• au.•ptce• of the National Project dealt wS.tb operatto • which 
were relattvely lligb con•UMr• of b.aPd labor, ad the .general approacb 
v .. to teach for &1are effective way• •o prfor• the hancl labor. The 
lfatlon.al hoject vae terminated ln 1945, hllt uny tnd1v1dual 1na~ttation• 
have coot:tmled to •tud,- work iraproveae11t Mtboda. Tlle•• later etu41•• 
bav• more fully recoantaed tbe dee1tability of 1ub1tltutln& a1tchantcal 
•thod• for hand labor whenever P"•ible. Purdue ht.ver•it7. vkere the 
b.eadqunt•r• of the lattoul hoJeot w•• located l:ta• utntaiued tta 
Agricultural Work SbapUflcation Laboratory. and it tHu•• the Agrlcul• 
tural Vot-k ·llaapU.fication l.evtev (6) at lr-re-gular lntenab. Th1• 
publication au.art&•• eurl'ent. wol'k being perf-.d at varioue tna,ltu• 
tiou and it co•talnt a biblioaraphy of c.urretlt relevant Ute.-ature. 
4 
Application of Tt .. and Motion Study Tecbatquea to A&J:lculture 
Ttae ba•ic pr .. i•• upon which the ational Vork li11Plication Project 
Wal founded 1• tbat the ele .. nta of acientlflc aaaa .... nt, 1nclu4ina 
tt .. and 110tion etudy technique•, practiced lo other lndu•tri•• al'• 
equally applicable to agriculture. larM• (3, p. 1) offer• this for .. 1 
def lnitlon: 
Motion and ti .. •tudy 1• the aaaly•i• of the .. thoda, of the 
aateriala, eAd of the tool• and equipt111nt uaed, or to be uaed, 
in the perfor'llaftc• of a piece of work-·an aaaly•i• carried on 
with the purpoa• of (1) finding the 110at eeoaoaical way of 
doiq tbe work; (2) atanclardi&ina the •thoda, •t•riat., 
toola and equipt111at; (3) accurately d•t•rainiog the ti .. 
r••uirecl by a quallf iad ,_raon vorkina at a no111&l pace to 
do tlae t .. k; (4) aaaiatlng in traiutaa tile wo~ker in th• new 
•thod. 
Be further COIMl!anta that ''altbouah theae part• .. , be con.eldered ••P• 
arately, no one of them can be Ollitted entirely without aerloualy 
l11Pairtng tbe Yalu• of the atud7. " 
v Willia (20 1 pp. 56S·S66), in d18cu•etn1 the application of work 
atudy principle• to aaricultur•, point• out aom of the re .. on.e it l• aot 
alvaya •••1 to ..U the tranelttoa froaa theory to practice: 
In general aartculture 1• cbaractert&ed by: (l) lack of op-
portunity for apeciallaation of lebor, tnfluenc-4 by a.all 
•c•l• of individual farat (with few worker• e11ployed) and 
b7 .. ny diveratfied taaka that are not biahly repetitive; 
(2) aeceaalty for ~rforatn1 taak• .. quentlally rather than 
al .. ltaneouely; (3) lara• apace r••uire .. nta and, for 11e>at 
operatiou, nec•••tty of taktna th• aachioe to the vork. 
rather thaa Ylc• 'fer••; (4) the muleiple role of the fareer 
•• worker, 11&Daaer, and executive; (5) the cloae interr•l•-
tionablp t.etween th• bualne•• and tlae bou•ehold. lecauae 
of th••• aenerat co ltiona it le frequently implied that 
what ha• COiie to be k.oawn aa acientif ic aaiaage11eat in 
lnduatry doea not f lad in the aartculture of tbe U. S. a 
.ery good lledlua in vbich to develop. 
the crux of the problea ii the extent to which 11\dua-
tr 1a1 work and f .arct work can be reduced to ca.on eleMnU 
ad co~n tenu eud the extent to which unageMtlt 
proble• art1e t.1tlder •••entially atmUar condtt1one. And 
it le •vtdent that. with l'eceot technologtcat advance•. 
the oraan11ation and tbe operational proble.. of f at'llle are 
taklna Ott 110r• and 11e>re of the charactertettoa of bu•lne•• 
and induatrial uniu. 'l'o the extent tllat thh ta the 
trend, appU.catton of tnduatdal ...-age•nt tecbaiquea hu 
tnerea•e.:l •lgnifleat'u:e both in actual 1Unagement of fal'a 
and tn agrtcultut"al re1111arch and teaching. 
Managa•nt of aaachioery ta an lllq)ortant part of far• 
unageMttt, lt ba• becOM o.ne of tbe •r• flex.lb le factor• 
ln the control of co•u of cl."Op producU.oo, 
A typical breakdown of th• •nnual co•t• of productaa 
corn tn the Corn l•lt would allot 20 doUar• aa acre to 
land, 10 dollar• au acre to aeed and fertiUaer, and 20 
dollar• an .-ere to cotta of labor alld 11A<!htaery. A far .. r 
canaot control the prlc•• of lupute, vhteh are ••t 
ba1tcal11 in the iauketp1ace. ln aetecttna end opet"atl:og 
aacltinery, however, he b.aa a wide latitude tu the 
tub•titutioo. of capital for labor and tu the control of pet" 
aer• co•t• of •chine•. 
1'1nd1ng the optbm.• aubetUution rate of capital for labor l• part 
of every f.armer'• aachln•r1 unagement problem. A related part of tbe 
prob lea i. the effective uae of field eq,d.pmeut in order to keep per acre 
ruchtnery oosu at a favorable level. To acc0111plU'b tM.a. U 1• necea .. 
aary to have a vorktn1 knowledge of tho•• factor• which affect tb• 
perforunce of ftetd aachille•. 
\ 
Factor• Affecting Machine PerforllaQce 
far .. have intere1ted far•r• and •St'icultural eagine•r• alike for a 
rwnaber of yaare. A• ear ly •• 1930, Mc~tbbea (12) pubU1hed an article 
entitled ·•soae fund-..ntal Pactor• Detenlintng .the lffect1ve Capacity 
of Pleld Macb.ine1° . lie not•• (12, p. S6) tb.at : 
,,,, lt baa been the co.on exp•rtence of bperator• that the effec• 
( · ·tive cqactty of a f ie.ld machine b nquentJy ~t- l1'CrN••d l 1!'!... proRo~!,o~- ~o tncrea••• t -•1th•~ tta vidtla or ita 
01Hfratta1 apeed , •••• The effect of iaterrupt10Qa 1 vhlcb 
t•ad to be pro.portional to area, upon tb• capacity of wldu 
uchin•• and biper •IHf•d -.cbtl\ff 1• on• of the ••t 
important ancl le .. t unc:leratood of the reaaone for , the di•• 
appoiutitll ~••ult• often -...rleaced in u•ina auch 11&eblae1 
under eilv•r•_! condltloaa •••• lnt•l"naptlont cau1ed by 
atoae•, at....,•• w•ed•. tra•h, fUUaa of Hed ad fertUiaer bo•••, iufet'lor conatnactloa. tnefftoteet operation, oue1••• 
matl\tenaDCe, etc •• oftea teml to 1M pl'oportlonal to area. 
Aaatn. if aa attetlpt ta ud• to increue the capacU.y o.f a 
11aCbine bJ incr•••laa it• operatlna •peed vlthout decreaalna 
the ti .. recautred for turning and oth•I' routine tnterrupttoaa, 
the tl• lo•• in •uch interruption• becoae• proporttoul to 
the area. · , 
Th••• are •o .. of th• reaaon• wily, for •JtallPle, tbe capeclt7 of a 
•tx row plaoter t.• vot 50 perceut ar••t•r than the capaett7 of a four rov 
~ planter operated at the a..- •peed. rte14 till!lll--!!_cOllpOled of operatt.oa 
' ~· - --- .... - -
ti• and l!J!_t ttae, The lolt tt• 1• an uaprod~ctbe part of the fleld 
operation cad aat be kept to •Id.rd . .. for efficient operation. ln 
order to gain a capaclt1 iocreH• proportional to a vidtb or •peed lta• 
er•••• 1t 1• nece••ar7 to reduce lo•t tiae oo a per acre baaia, in the 
.... p•oportioa that operattna till8 t• r4tduc~d. la the caee of the 
plaater• .. nt1one4 above tial'• ••n• per acre tl• fol' turot.na. filUua 
6b 
/
teed and fert:Ut&er hopper•. or for any other intenupttoa. ••t .be 
; reduce by one·thtrd to order to obt.dn a SO per:ceat lncnae for the •ix 
) 
row plaot•r over tile f0t.it' row. Thi• reductift tn unproductlv. ttM 1• 
dlUt.cu:lt to achieve, and tile dual r••h te a lower field efftcienc1 ~ 
~- - . 
., 
Th• fU'll on etch the 1959 •tudJ .... conduct.:! t .• • prtvat•lJ 
operated and --.d f&1111 located ln Clay couaty, towa, a.ar tbe towo of 
Fo1torta. A prlvatel7 operated fart1 vu cho••n 1Hloa.11e it wu felt th•t 
tbe aoala and tnceat1'¥9t of a prl••t• opeTator ar• likely to be dtffer.._t 
fl'om tho•• of pereou. tit0rkln1 on an tutttutional far•. Gd tha" 
tncenttvee ml&ht atfect tM *'°'"'t ad .,aUty of th• work perfo~d • 
• 
ft• cue fal'ID coul•t• of three separate Q'act• totalt.na 690 acre•, and 
f.t hu 645 acre• tu Cl'OP•· ft• land l• &11 f.-Sly h•lcl; 305 acr•• are 
owud by tbe operator. and 38' acre• •n Otllle4 by Ille opel'e.tor'• parent•. 
the labol' fore• constetecl ol Che operator, one ld.nd 111n1 a ftfteen ,._. 
old boy durta1 th• n_.r .,...th•• a.d P•t tl• ••rvtce frora the opera· 
tor'• fadtu. S... .Ws.tton•l labor at baylag ..ad buve•t ti• vu 
tna of eoro, oau, eoybeana, hay, ad puture. 
Thi• particular farm wu choaen for the atudy bee-..•• or the wttl· 
~·• of the OP'Jl'&tor to cooperate. and becwH •OM pravJ.w• k&lowledp 
of tbe crop acr•ap• grow a tbe uclltnery .and labor uHd ln.dlc•ted 
tat tilt• op&l'ator mat he obtaf.nf.na •n tllan 4"rap UM froa bl• 
eciulpment. A fana of 690 urea 19 J., 7 U•• u large M tbe Iowa neraae 
of 186 en•. A •tudy of • tan of till• at&e eba.ald, h..-l' • help to 
l11ere. and In th• remainder of the text, the fan on vbtcb tb• •tud1 
wu Md• la refened to .. the e ... fara. 
8 
gtve • good lndlo•tiota of bow mch amwal uae a good uupr Gligbt 
l' NOMhly ••ct fro• cert•la far• uehl••· Abo, fume of thle geur-
al •1•• are not u~ual in lova. The 1.9S4 Ceuv.• ot Apicultvre (19 ) 
lt•t• 3,284 I.ova fartll u between 500 and 999 acn:••• an tncrd" of 439 
tlnce 1950. Iowa Amlual. Parm Ceuut (8) data •1-w tbat the trend toward 
larger fana u a coa,f.nutn.1 oaa. A reaaoubl• ••U.•t• 11 tbat Xowa 
now h• at leut l,500 fu• betweea SOO ad 999 acre•. or au .wrap 
oe approximately 3$ per COtlllty. 
Accordta.a to • map of lova •otl .. aoclat.too ..... pVhU.elled to 
81mouoa (18, P• 36), th• cu• fuaa ii located appl'otdaately 011 tlw 
boul'.ldU'J betwQn the ClaYlol'l•W.b•t•r and tb• llal:'cu1-hlrqbar•8ac aoU 
•••oelattona. A •oil euniey of Clay county vu pubHah.S ta 1919 but 
there 1• no up•to-date •o11 •urvey avatl.t»1e. All of the land on th• 
cue fan. it cultivatab1•; •• altllougb •lope• o! .S pe-rcent are pr•••nt 
oa IOlllt lf.eldt, lt ha• not b••n •c••••r1 to ue tenace• or .contour 
fuatna practtc•• · toil fertiltt7 ta 1-pt •t a hip level by tb• u•• of 
farm ..a.ure CMS COlllfllerGl•l fert111&er. Li .. ta a IM!ceeaary ... ndaent 
on •OM of the lowland 90Ua. 
Th• tara up, rtgur• 1,. •how• the •1&• and r•t•tlve looatlcm of 
the three tt.acta. rtaur•• 2, 3• and 4 •• li.eld upt for each of the 
three tracte. heh tract t• de1ignate4 • A, B, or C Md • DUllHr ta 
a1•f.gned to each Held. lpecf.fic. ff.eld.• will be r-efernd to by mullber 
in the n•loder of th• tot. 
-TRACT 8 
225 ACRES 
CJ) 
w 
_J 
~~~~---
==r======ro ~! IL 
-
TRACT A 
160 ACRES '---
' 
TRACT C 
305 ACRES 
n 
SCALE : 3 INCHES = I MILE 
10 
FIELD 4 
52 ACRES 
CORN 
FIELD 3 
25 ACRES 
OATS 
FIELD 2 FARM-
25 ACRES STEAD 
MEADOW 
FIELD I 
47 ACRES 
CORN 
SCALE= I INCH= 1/8 MILE 
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Ctop Production Plan 
table 1 U.•ta eaeh ltebl by awabel' and •lee• toptbu wlth tile ci-op1 
~own on •&eh field la 1958 ad it.st. lt viU be aote.d froa 'fable l and 
froa JtttQr•• 21 . 3, and 4 that tncU.•ldual f1•ld• •re of • mediwa to lu .. 
field 111W1bar 11•• (cpa) 19'8 crop 19S9 Cl'op 
1 47 Ke.tow Con 
4 52 loralwa 0 
' 32.S So,.tMMms 
d 
6 33.5 SoJbuu 0 
t 33 Maadov n 
u 60 Cot-a If 
12 30 Con fl 
14 30 ·Soram- 0 
1 33 .. J Corn ao,beau 
8 l) • .5 Coro u 
1S 41 lol'abua u 
3 2S loybe,.... 0.CI 
10 42 SoJbeau 0 
2 2S 0.tl Me-1ow 
l3 30 tt...tov It 
16 . 90 O•t• •• 
Total erop acne 645 
tbe. No field contatu tu• tll• 2S acr••• ad 110lt field• are a 
GOlalul one•aaU aUe ta l•ath.. Tbl• 1• Md• po••lbl• b7 eu ae-ral• 
17 lew1 topopapbJ, Tract C beina • only plM• •n •loPN appro.ch· 
iq S perceot .ue preMnt. - ~n there, it ta •till po••lble to u .. lona 
t:leld laqth• b1 f ant.na ae•raU1 .-cro•• the elope *1d by keeping a 
• 
14 
•aid• crop in the l'Otatton to reduce the elope l•natha. All of tile rel&• 
tlwly level field• «l'• ttlu. Dllrtna frolouged perlod• ol wet 'IJHCber 
•1ov dl'alnqe f.Ddlc•t•• that ful'thel' tlU.q Id.pt be aeaireble. 
la order to provide • complete de1artptioa of the f~ eneerpri1e, 
iaforautton eoncentna tba liveetock prop• t• inoludd. Wb.Ue tM 
etu.dy conducted waa prillU'Uy concerned wttb the u• of 11.eld MChlaery1 '-- . 
t.t 11 l.alpo••tb1e io dtvorce tll• CfOP propq fr• 0. U.veatock prop•• 
t...,_ch u tt• required to oue for Uveatock often reducu tb6 tl• 
avellable for tie14wortc. On the c... fU'll1 u OA ••t ~ fa...,. the 
live•tock pwogr .. .ad oroppina •J•t .. are c10 .. 11 r•l•ted end lnC•rd•• 
pend.eat. 
Tt.ct c bee two feedloc• of approxlmat•ly ts.ooo ~· feet each 
vbiob _,.. uted for a cattl• feedtna ~peratton. 'l'be lot• adjoin e.cb 
ott.r and each le ""1lwe4 wltb an aupr fe-4buWti 100 f•t loaa. cactl• 
fro. each yard have acce11 to ••P••C• b•)' atorap•feeder •tnactur••• aad 
to buU.r •tloe.. SUaae ta ••lf ·fd froa ch• bunker• bot th• r•t• i• 
aaaua11J controlled •1 cllalntna tile top of tllfl ••lf•feedtng a•t• to lillit 
it• .,,,...nt.. All up~laht eUo pl'ovl.de• atorap lor eleb•r blab moletun 
com or corweatioaal wbole plat •U•· Bopper bottom btu bold dl'J 
ll':•1n .ut pnteto eoncentrat••· P•ecltq from th• uprlpt: •Uo ad bJ.na 
l• done .chantcaUy throup tbe euaer feedbuU... then 1.• rooa co feed 
ou.t 100 he-1 o! JUrltna cattle la each ot tb• tvo lot•. 
An we flock of 450 to JOO bea4 i• •lntatnad. The ..,.. ...-
l'ipre 5. Partial vtev of tlMt two c•ttt• feedlna lot•. a.. two au11r 
feedbonka terainate in a teed coccrol cnt•1' not ahwn 
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intered at Tract A and kept tb.•r• for leiq. Laabiq bealna lll Jaau• 
ar, and contlmaea i to April. About at4-May ewe and l..U-. put oe 
alfalfa .. bl'omp: .. a Ol" altalfa•orchadp-.. a PMtun ere tile 1811ba an 
creep fed. L*a an weaned ad full fe ar•lo at Tract A before aarbt· 
tng. 
Approldaat.•11 30 U.tt•r• of pip were farrowed durtna 1959. A 
aaltlple f....win1 •1•t• t.a followed. '!be eowa f arrov at Tl'•t I becauae 
a IOod fattowl.aa houae ta evetlabl• there. Pip are aned at ab. to 
•labt VHb and at'e truebd to 'l'l'act A for arovtaa end fln1ebf.n&• 
Prepat aovtt an pt at Tra:t C and are tr:uckad to TrilCt a •bortlJ 
before fanovtna. lecaa1e of tla• aarut outlook ln lat• 1959, dM f&l'll 
operator did not anttctpat• t'al•ln& any avt.ne tn 1960. 
le•id•• normal lebor ff4Utr .. nt• for the crop and llveatock pro• 
sr-. two other factor• influenced th• cllatributton encl uM of avatlal>l• 
labor. Plr•t of the•• i• th• pr ... ac• of rocka in tla• culttvatecl i.,.r 
of 90U. TheH rocka vary in etu frOll pebble• to boulder• wlpiaa t11 
exc••• of 500 pou •· A Wl"1 ••rlou• effort l• llllde to re.ave tla••• 
rocu from the field• u tbey an located. A tile •Ped• and bundle of 
lath are carried 1tb dae tra1etor Ybll• plovtD&. WHn a rock i• •truck 
it i• either S.-diately ua out or, if lt i• a large oae, markad with • 
latb for removal later. A box l• attacb-4 to eecondary till ... J.llple-
•nte •ucb .. the tend• dial&, aplka tootb banow, ad field cultivator, 
to encour• the 1111Clatne operator to pf.ck up rocka u la• encounter• tbea 
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ta ••edbed P••paratioa. 
lbe ••cond •pectal probl• tuflueactlQ& la~ utU1eat1on la th• 
exteuive capital lmprov41Mnta pro~• beln.g eul'ted on. Two courete 
•t..- •1101. 181150 ad 18d4 napectlve1r • -4 one 250 bvthel eapeett1 
bopper bottom bin wet:• •noted tn 1159. ft• capr feedbunk •1•t•v .. 
couetrue.ted in 19'8. 'l'b.e hunker •11os ond hay 1torap •tnctun1 vel'• 
bvth 1n i•s6. In acldf.tton •ell ,. ....... , feaetna llu Mft built oi-
nptacet&, in.oludtng eateut:ve lot fnetna Tequtnd for the ltveetock 
•'lltei-prl•••• 
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la perfoftlina the actual cue •tud1 th• vriter epent • larae pat 
of th• 1959 c~op ,._on the cae fua, collecttaa tl• atud7 4ate on 
t:M uH of tb• diffwent f t•ld llllchlM• aod o'b•nlaa the Oftr•ll Opel'•• 
ti.on. t•i. 2 U•t• the operatlou pel'for.td ou uch f1eld. • well u 
all of the ff.eld work ,.rlorald d'1rtaa eacb of the tt. Pfll'lod• noted. 
Tabl• l U.•t• the uctd.Mey lsmmtorr of the . CAM Iara .., that OM 
mq ... wbat auchlne17 ... available for perf0Nt.n1 the work 4etaUed ira 
Table 2. 
Wbenewr te .. tbte, fi.•t<t vorl fot1 • '""" Cl'Op 19ar heat• to th• 
fall of data pr•cedtq cala4u par witb RM pnparactoa of the p:oun4 
for th• euautna cl'Op. 
On tba caN fana 262 acn• were plowed tu the fall. TM• couieted 
of 64 acre• of bra.•alfalfa •adov, 71 acne of gl'ain •orp. tt\Jl»ble, 
60 acn• of c:onatalk P'OUod and: 67 en.• of •OJbean etubble. Aub.lm, 
1958, vu an abnonullJ di")' uuoa. Ptoa tbe •taadpotnt of perforalna 
!all W01'k, tht• t• •t one• • aclwmc..,. aacl a tU.aadveataae. Dry watb•r 
provide• a anatar dam .wrap l\Wlber of da7a naU&b1e for field wort, 
but cu draft or aotl vorkina tooi., •uch u • plow, i• taereuecl ill dqr 
•otl•, vbicb red•c•• th• r•c. of 11•14 coveraae and ....,.. it mr>r• d1ff1• 
cult to obt.tn a ••thfaotory l'eh1t. ffo1•turwtee, •Ital, 19Jt, vaa at 
eta. other end of th• •cal•. CoadiUou wre veq wee; ltatw•tlna opera• 
ttou ware ••rt.~ly cut:talled by the wathu, end virtually Q.O fall 
Tabl• 2. rteld work for the 1939 Cl'Op year 
Perf.od when Total 
perforMd Opei-atf.on l'l•ld no.• act'eal> 
Autwm, 19'8 ., ... di•k 3, 4, '· 6, 10, u. 15 372 flow 1, 4 .• '· 6, 9, u. 15 262 
Mach, 1959 Plow 1 u 
Ap:ru. 1959 Jnil 1 OAlt• aod 
•.tw •••dtq 3, 10 67 
V•rtlllaa <Ind ~oll '· 10 67 Tad• di•k '· 8, 12, 14, 15 318 tlov 7, 8, 12, l5 126 
Sptke tooth harrow l, 4, '· 6, 11, 15 245 
May, 1959 Spike tooth .harrow '· '· 12, 1, 126 fl•ld cult. and 
han:ow 1. , .. 6, 11, 12, 15 270 
field cult. only '· 6 67 Plant con 1, 4, '· '· 11, 12 251 , ... di•k 8 30 
lotG'J hoe 4 30 
1>r1U aoykana u 48 
Jvu, 19!$9 Ptw 14 30 
field culta.••t• 9 32 
Plant con 6 ., "· 14 67 
lotar7 ho• l, 4, '· 6, 11, 12. 15 276 tad•• df.•k 1, 8 40 
0!'111 •o7"aa 1, a 67 
Spike tootb barrow 1, a, 9 99 
Spray cora 11 t 80 
Cuhivate oon. 1, 4, s, '· 9, U, 12 424 Q1.ltlvate aoy~ 1, •• 14 163 Aipply herl»tclcle 14 30 
Mcl!Wbay 2, 16 us 
lake .,,. z. 16 115 
Chop ... , 2 2S 
late llay 16 90 
8rield GWlber• lndlc•t• •11 ftelda lo tlls.ich VOl'k wu perfolWd. 
'fbe eatlre !teld WU not IMCU8RU7 c;°"*l'ed by 4 ttven operaticm. 
btotal ~r•• account for ftelda receiving two ti-eat .. nt• wtth tla• 
.... 11iteh1ne, •·I• two tudea dbld.np. 
hrlod when 
,_rfo'n'lled 
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J-.1y, 19'9 Mow ad wt.DI.trow oat• 
Glop o•t• fr• 
vln<hrov 
Dti-ect chop oat• 
Spray oorn 
~lctv•l• cora 
C:Ulttvate •oybean• 
Now 1141 
lake • ., 
141• ll•y 
Clop u, 
Mow ha1 
... liq 
lal• hay 
Claop hay 
hpteal>er• 1959 Glop con ell.age 
Oc;tober. 1959 cae'blne to7baaa 
October• Collbtne corn 
J>ec.-.r • 19'9 Pi.ck con 
ttltqe work •• ece011Pli•lled. 
3, 10 
'· 10 10 
fleld no.• 
4, n, 12 
'· 6, '' 14 7, I 
2, 16 
211 16 
16 
2 
2. 16 
2. 16 
16 
2 
12, 14 
71 • 15 
1. u 
•• '· 6, 9 
total 
acreell 
$2 
sz 
1$ 
50 
1'9 
67 
80 
80 
60 
20 
80 
80 
60 
20 
60 
lU 
107 
151 
Before p1w1oa vu Ml'-&111 dlaktna of crop re•1du•• vu dona to 
f•Uttate tr .. b plac .. at. ln additton, 61 acru of •)'bun •tubble 
tntanded for oat• ta 19'9 ..... di•Md twice wlth tbe tad• dlak. f•-
tt.culu atteniton l• pwn to d••tro11n1 th• rtdp• le.It follovtna • 'tow 
crop vh•• oet• ancl Ma4ov _.. next: lo the rotation. 
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Table 3 • . Machinery 1 ntory for th ca• far 
hina 
Job. Deer• 70 dle••l tractor 
rorcl 960 saaoltne tractor 
ford 960 aaaoUna tract r 
rord tnck 
Moldboard plow 
ld'board plow 
Spika tooth barrow 
Tarad .. dlak • wh"l .xanted 
fleld cultivator 
Fertlllser apreader 
Crain drill 
Con plaater 
Granule applicator 
IOtary oe 
loW crop cultivator 
lov crop cultivator 
Ollll crop cultivator 
ltowet' 
id• de livery r 
roraa• bar¥e•t•r· 
Corn picker 
Combine• 
Grat d~r• 
llevator vlth S p electric .:>tor 
rorap blower 
Siae 
Jear 
pur• 
cbaaed 
51.49 ux. bbp• 
46. 76 .... bbpb 
46.76 MJC. bhpb 
s ton• ewe 
1956 
1956 
&anted two llOGtha 
1955 
4·14" bottoaa 
3· 16'• bott.ou 
27, ft. 
13\ ft. 
14~ ft. 
10 ft. 
20x7 
4•row 
4-row 
4•rov 
4-row 
4•l'OW 
6•rov. u uaed ta beae 
7 ft. 
7 ft. 
f11Wb••l ty,.; 3 head• 
2•rov. llOUntad 
Self propelled. 10 ft. b•ad•r 
2•row cora head 
350 bu•h•l batch 
so ft. 
40 ton/bourf 
1951 
1956 
1956 
ltSS 
1958 
1959d 
19S6 
1958 
19:S8 
1956 
1956 
1956 
l959d 
1956 
1954 
1955 
1957 
1957 
19S7 
1957 
195 
"tlax1-.ua elt bor .. power, fr offlci•l br .. ka tractor teat no • 
.S28. 
569. 
~f.lla.ua belt raepower. frOlll offtclal Jhabr .. ka tractor t••t no. 
d 1• • ui1*9nt vu purchaed u uaad Mchlury. 
9Tb1• equtP119 t 11 jointly owned vitb • CU1iahbor. 
fllaaufacturer'• rati"I• up to 40 toaa per hour. 
'table 3. (Continued) 
Year 
Machine llae pur• 
c:bued 
Self ualoadlna wqon ID4 par 100 bu. •• con; 3' tone •Uap 19.51 
lelf ualoading wqon ad aear 100 bt.J,. HI' con; 3% tou •U•p 1957 
Haaun loa4•r 19.56 
Mane •P"*'• 70 babel l'S4 
rtel.4 •s>r*7•1' 
tad to11er 
6·row 
20 ft. 
Bottow•d troa netpbor 
Borl'Oftd froa mlabbor 
lpr&.q ft•ld operatlou kpa la add·Matcb witll plowtna of 15 aoru 
of 'brocat•a1fa1fa 8od nulotq from tha ,nvioua fall. 'l'bta plowing wu 
done on • day •lrtu&UJ •andwlcbed in bettM&a •prt.aa •nw•to ..... 
Aprtl, 1959 
lll•ld ••k moved lnto full •hi ln Apl'U.. fte job wblch tlret 
eomunded utention vu oat M1dtq. <>at1 are .t.acludM :ln tbe rotatloa 
aa • companion crop for • &r•• ad le..- ••••il•I• A COlll'Uh"attvelJ 
l•• acn•P of MJ aa4 paetun t• kept la tb• \"Otatt.ou tot (1) pl"O¥tde 
forap for th• cattle and ._, eoterprU.•1 (2) atd 'la •ro•toa oootro1 
on tbe •tee,.r e1ope11 _. (3) aid ln a VHd -cmtrol pnll'• directed 
primU'Uy aaatue Cenada tbt•tle .. 
Seed oat• -.r• obtained froa a oetaflbos:- and wen teken to a ~r­
ef.al elevator for wi&htag. The oat•, wr• tbea ntuJ:'Dfbi to th farm ad 
re cleaned with a •mall f~ fenning aill. Tbt• operation proceeded 
at .about 60 bua1Ml1 per bour -4 r9f1Utnd the full tlm attention of one 
n.. Oat• wre band • ovelacl int the fautna llf.11 ad tbe elem oat• 
were elevated from tbe fanning atU into a wagon by •ana of a four inch 
1 ... ter .upr red by all electric drill. The elevator at vblcb tb4t 
oau r• wet ed i• aquipl*S to clean aeed oeta. However, becau" of 
•ome poaatbtltty of contmain.tillg the oat• with ...S ••ed at tbe elava• 
tor. thi• c~rclal ••rvlce vu foregone IAd tbe •eed cleantna operaUoca 
vu c ucted .. ducd.Nd. 
VbUe om MD cleaned the 8ffCI oate, dae otlaer apent NM ti• in 
preparation of the ar•1n ddlla rMOVtna it froa atoraae mcl cleantna 
end lubrlcattn it. Orcbardgr .. • aad alfalfa .,.re •••ded in tbe .... 
opttratlon vitb tile oata. Ho eprtna till ... preceded u .. of the drill• 
only the dlaldraa of tba prevtoua fall. Tbe dectalon to do no furtber 
ctll•ae wu ...S• on ti.. b .. 1. of extattna 1011 ancl 110tatur• coadltlona 
•• tbe Hecltna wu about to beatn. Tile drill vu followed a few da7a 
later vitb a fart1ltzer application applied itb tbe fal'a ferttlieer 
apre.Ser. A eultf.pacbr, or lad roller. u pulled ln tad• vtth the 
fertilteer apreacler to pul'Verta• and lira th• aotl .net. COllPl•t• the work 
aaaoclatecl vith o•t ••edln9. 
Tllla .. work al•o ,, .. bepa early in April with df.akina of cora• 
•talu. followed by plowi I• Tbi• field work continued throuaflout thtl 
month .. watber coadtttou ead c011pettn1 ..:UvS.tf.a• pend.t~ed; tncludtq 
••wral daye when blab vincl• aacl low t_.,.ratun• Md• tr11etor operation 
• unplUHllt tMk. lefor• beainoifta to plow, tlM rolU.aa coult•r• .,.re 
removed froa the plow•. 9h..,.M4. and -r•placed. Sharee oa one plO'lf 
Vff• al.ct replaced vttb new emu. 
One of che acttvttf.91 come-ttna vi.th tillap work vu mamare haul• 
t.na. ft• feedlot• on Trtaet c ftffded olecd.ng, and it vu cl••lnd to aet 
the lllAQ.Qr• •pre.ad ao tt eotlld be plowed. Qnder prior to a con crop. to 
fac1U.tate tAe operatS.on, • "*"'" epreada ... l>oftotNd froa a M1abbor, 
Mktna two epn.Sa• avaUable. fteu. wUb the lo.Sel' .uuced on one 
tl'actor• th• other tractol' and the fam truc'k wen u•ed for pulltna the 
two •pr•ader•. Tld.t obviated the need to llttdl to Md unhltcb fna tbe 
•pre.Ser•• Md tbe loadtna Met· •Pr••U•a qperatton• wen appi-oxl•tely 
eveoly utcbd; both MD wre fu1l7 emplo,a4. 
Otber aeUvltt.e• c_,.ted vltb field work a1H. r1r1t of t!Ma•• vu 
tbe rock r..,,•l cbor• •atloned prevlou117. ._. larp boulder• an 
pre .. nt, particulal7 on Ttaet C, and remval of ~ tnvolVtt• • con• 
atdera'ble MIOUD.t of bard labol' • welt d occ•l~l bl•tt.na wttb 
dJD8111te. Ooc• ttae1 have ·beeft du& or blated out, tb• root. are lotided 
on a tl'aUer ad h•le<i to the farutead for l'ftCorporatlon 1n c084rate 
feedlq f toor• • they ue poured. 
COaaatruotiOI.\ of two ~oncn:et• aca'N •Uo• vu be&Uft la lat• AprU 
ancl it vu mc•••U7 for the fuaa operator aoc:l blred un to help with the 
foandactou .. 
Rear the end of the entb. 245 •n• of fall plowed ground Ml'e 
worked witb the eplke tooth b•row tu • two day period, ta prepuatton 
for com planttna. 
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Ma1. 19.St 
rteld wot"k la MaJ vaa aert.ou•l' curtailed b7 wet wiaebei:. Mof.atvr• 
••• bedl1 Gnded follovl.Aa th• 1958 drouaht, ad field• rec•lv-1 thoroup 
•out.up during ti\• aoatla. !be Spencer watber •t•U.on, looated about 
eight .S.l•• troia th• coo f4111, reported a total prectpltation ol 11.40 
tncbe• for KIJ, wbtcb qrMd •uic. ve11 wlth raluf•U MDWat• noted tn 
aaaU unof f lciat aaae• oa tM cue tu.. 'llal• repr• .. •t9 an ..... of 
7 .86 inche• no. tbe tons cf.M awrqa for ttw. mmtb .. 
Coutruott.oa of epproxf.utely 320 rod• of temporary fence anuncl 
f teld 13 vu nec•••arr before the .,. flock could be placed oo putun. 
fence pat•..,. ... dd.vea wttb. a tJ'actoi: munted driver. Alao, before 
placing thq on p•ture, 300 head• of ..,.. vet'e it:adlvlduaUy 41'UCbecl for 
•tomech won11. Th• old.er 1.., wen waud and put on a full fe..S of 
gret.n. the JOUllPlt 181b• nr• .wed· to putun wltb the ew.1 1 Were thtt 
1-. bad ace••• to ar•lll in • cr .. p. 
bference to Tole I ·~ that, ta •Pit• of tbe _.._ .. , con1lder-
altle field work vu eccomplubd during May. lfuc.b. Medbed tw•pvatlon 
.,., COflPl•ted arid 2.51 1ere1 of com and 48 urq of •Jbe- wre pl:11rat-
ed. 'l'be general pattern of eudbed prepuatlon deer plovtag vu •• 
follow; o• ~Natmnt vtth tbe aptke tooth harrow, followed by the use 
of tM fl•ld culttvator and lMnow tad•• combination Juat prior to 
pluttn:g. Thi• patiern vu aubj•ct to ._. verlatlon. UM of the 
taocl•• 4t•k nplacw u1• ol tbe fteld culttvator on beet I vber• 1prm1 
plowed field• w.-e plated to hyM... MIO ._. repetition of eeedbed 
preparation ... nec•••&t.'1 when Vitt weather pw•veoced f teld• from betna 
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plaated 1000 afte'I' ••edbed fittlua • 
. t®e the!:'• i• good evt.4enc• to •how that eo7beau yS..ld t.Hl•t when 
p:or.m ln rove narrower tha can be obtaiud with • con.ventloul con 
planter, beana on tbe ca1e farm are ....Sed wttb tu 20x1 ar•tn drttl. 
Tb drill unufactunr •eU.a plat•• to fit ove.¥ any run whleb tt ti de• 
at.red not to uae. la coavertl.ng the ~S.U for ._ ffecUa11 fourteea of 
tbeH plate• ere ""4, leav1n1 •ttt nu for Nedtng. Th• plate• are u• 
t'angtd • that l'Olr spacing 1• '8 tnehea 1'ber8ftr a ttactor wheel -...t 
wn when cultf.vattna, ad 21 tncbee for tile out•ide ...,,.. Drill Pl'H• 
vbeel• ••• ueed to ftra the •oll OVflC' the 1..S, hutentua aeedU.q 
••raeac• vlehout ene~ra1tna wed Med pnalnatton over the entire •••· 
Soybe..., oe lat•I' Vffded with • rotary koe and cult1v•t•d wt.th a cu1t1 ... 
vat.or- which bu tu aveep1 ananp<I for culttvatt.q •tx ~of tbe 
ap41etna 4•1crtbed. 
A tbb'd treccor fol' uae on. th4t lea., .. acqull'ed on Ma)' 27 by rent• 
toa it fl'om a iapl•-.mt dealer. !ht• tractol' waa leapt tor two mnthl 
and ., .. uHd a total of 217 hovn, a recor4ecl b7 it• hour •t•r. Adell· 
ttoul labot' v• ma.c.t. ••Uabl• by bh'la1 • boy of blab acbool age f~ 
the •wmnel' vacation pertod. 
&arly June vae take.a up vttb t1ll•ae vo~k that would bll'Ye been per• 
for* ln May under mor• 11.0l'Ml eondttlone. rt..•ld l4 ... plowed and 
planted to oon with u interventoa tillage betwea plowl.q ad plantlna. 
ft• •tand of com ob&ain.ed w• good and till• •1••• loou proai.•tng fo~ 
•OM aoU9. A bad appUc•tf.oo of 2,4•1> araaulH ude June 101 _. tvo 
culttvatlOSMt ta July wre th• oaty wed control ~r•• oec:e••l'J• 
Tb• field •pr.,." vu callbratd .., thac the d•l19el'Y rate, to pl• 
lont pe.1: acre. at a gtvac •pM4 et'l4 pnaeure r•plator ••ttlq atpt be 
kaolm. Pl•ld• t .encl 9, wlltcb wre ta •..Sow the pnvtoue ,._., wen 
•pr.,-.ct wttb 2,4•0 to klll the volun&••r elfalfa plante. Oeber corn 
field• were •Pl'a,H only where lt .,,...- that a etpf.ticut rauaber of 
weed• were pr•••nt. 
'?be 1!'0t_,, hoe VN Med cmce on ••t of tb• c~n md. on one fi•lcl 
of •oJbeau. ftr•t con mcl •o)'bean cultf.v•t1oa cad part of th• MConicl 
com cultt.vattoa WT• pufo..-ct tn June. 
Ray h--•t •• ca't'led out la •ta .. • datoupout th• fir•t tbr-• 
.... 1ca of Cb• -.a. lft &11, 11.5 a.er•• of Ctrat cuttlna ko.••lfaUa 
bq wre haweted. 411 tbne ha1 outtlnp froa field I wn luar••ted 
•• chopped hq.. fte U, vu 1t•ked in lota adjolntaa th• .ad.ow and it 
vu fed to the .._. flock durtaa die lat• viot•~ an.cl. •prtoa montbl. All 
other bay wu baled b7 a cu1tom oper•tor. Bay ,, .. r~ witb ·two •id• 
deliver, rU.• pulled in ta.a. OM l'.._ vu boftOftd from• ne1pbo1' 1 
who ln turn bc>n'ove4 .._ ef(Utpmnt from. tbe .... fan operatoT. 
July. 1959 
Oat Une•t bepn Jol1 2 and vu COllpleted Jul1 U . All oat• were 
haneeted vUb • ft.td for• harveeter end wen llU11ed in the tvo 
concrete lhft eiloa. 'l'tae o•t• wre cut wt.th • .,.r vitb a evatbtq 
attachment, vtlted 4ibout two baur•. th.en •r• plead up Md chopped w.ith 
th• forap h_,,..t_.. 'lb• chopl*f oeta "" d•U•sed tuto '°'"" tatce 
off d~lvn unloediq wagou, vblch Md• unlolldlna the utnlal into tile 
blower at dae etlo 4011Parattve1, ... ,. 
8eccmd c:utUna hay bave•t vu COllf>l•ted to July. After tla• ff.<t•t 
cutttna vu luarv4a•ted. S '*'"' of 11•14 2 eel 30 acn• or field 16 "" 
converted to ..._, pa8t\ll'•• lemoa 80 .eru to M harvMtM • Meond 
and thlrd cutctna llay • 
.._.. ... troa tu lot• o• Tract A vM apraad on H•l4 3 dteci ·th. 
o•t• Wl'e b.uwtt.S • 
i.ac:e all of hit own oata were 11Mve1ted u atlqe, tbe opel'•tor 
of ~ c ... fan ud• •r...-nt• wltb a oetpl>ol' tor baU.n1 ttrav for 
beddtaa fn• om of tlltl ne1Pbor'• at Hald•. !'Ile •tr• vu palcl for 
b' c:bopptng •oma at.r• for '-ddiq for th• aelpbor. 
lame hand WM<lina of~,..._ !1•14• waa al.., done in July. 
'lhl• llOftth vu pl'hlarUy devoted to p•rfOl'llS.na odd J.ob9 ad caplt•1 
illpl".._tit•· ..._ -~~nt.• included .. ....,,, ol a 2SO "-'llM1 hop• 
par bottoa feed tank, r•tng of an old tU• block buU.4tas. Md 
coutructtoo work oa • r••ldnca. The tblrd bar cuttlq "" baneated 
th• latter pat of the •nda. 
hptallbel', 19.59 
rau hawettua operatt.ooa be&• S.,tuber 8 vi.th cbopplaa ol com 
for •ll•P• 1.'veotJ-f l.ve ••• wn chopped fl"Oll field 12 aad tmtUed in 
\ 
Ptaur• 1. Oat eU.age Mina un1oaded Lato t1M. fHap blwet'. A 
pto dl'bft, fU.ght C00Y6701' mval tU •llqe to tU l'8al' 
of m. ,,..._ 
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in the concrete s t ave •Uo on Tract c. Later ln th• 111mth two 1Nnlan: 
•lloa ware. filled wt..cl\ com 1Uaa- frOIA field• 12 ad 14. 
Boybee harve•t v .. compl•C.ed tn October. Con cod>tntns aaaa 
October 15, with tho com ba1q ctlftctally dwled tn tbe batch dl')'el'• 
The daU7 harve1tlng C"lt•lty vu Ualted by the capac,ty of tb• dryer 
rather than by tile CN1ne. the c<Nlbtae and dt'J•r wi-e Jotn.tly pur• 
eba•ttd by the cue fara operator -4 a Migbbci- and tbey •• tbu• ueed 
on both fanm. One bum:lred ••vea acr .. of ooru on thfi c.,. fua were 
hanute.d a• •helled corn. A high Viad which occurred on Ootobtir 23 
aftd 24 caueed lodgtca of comttalu and r••G1te4 tu • conatderabl• _.,nt 
of dropped ear•. Some o.f tht• com vu recovered by aUowtna tlw eve 
flock to glean the coraf1•1de af ce.- b.,,.at. 
'The re•intna 1Jl acru of coni WI!'• huve•ted .. ear com durlng 
theff enthe. hrve1tlq work w• couiderably delayed by a wt sutwm. 
About f t.ve .tnc1-l of snow fell Oft lcweaber St SCOll(>aailld by vindl wtch 
cauaed dl't.fcina of the 1oov ao4 mol'• droppocl con •••. Moat corn ... 
pictsad after ~~ 5 .and field loa••• were quite large. 
All uy be. lnfened from the text and from tale 2, often aewral 
dilfer•a.t acttviti•• wen tn propea.e on the •- 4.-y. Dl.akina and plow-
ttaa. eeedbed flttiog •ad. plnttna, ha, motd.na ..S. baltog. "" ofcen 
•laaltaneou1l1 in proan•• on diff•T•nt part• of the fara. Men:alfilllilnt 
33 
dectaiont concemtna the MCl\l•nc:• 1n which eta. varioua tun ehall be 
perfor. an tmport t ln ke•ptna the • U:re operatloa functloralna ef· 
flctentty. Ttme·avatlabl• for field work ta eubject to 1"4tatrtctlooa 
l.llpoHd by ••tlaer condittou and by U,..•tock nfl\llc--.ta. further• 
re. veath•r condUlone can ceu .. extra field WOl'k to be ,.rformect. 
A cue ta potnt 1• f teld 6 wblch v.. tilled twice with the f leld cvltt• 
vator bec..ee • period of ¥9t weatber followina tlae !ir1t field cultiva• 
tlon allowd VHd eadlln.. to -rp befon th• com could be planted. 
LibwtM, he.,.. of vat aoU conclttlon.. a Hparah operatiou vu 
neceeaary to barrow f talda ' and 6, . .tt.ereu ftelda f ttted for planttna 
earlier ta th• •• .. oo had been tilled with the f leld cultivator and bar• 
rov operatttd aa a tand •unit. 
Tille .. ~r•tlona perfo'1119d b4tfore plaattraa are intended to pre,.... 
a weed fr .. 1 .. 4bed vlaicb 1• in the proper pbyeical coadittora to prOllOt• 
pnd.oatlcm and l'*Pld aeedUq arovtb. Tbe tUlap operatioaa perfonecl 
epaad oa eucb f11etora u the crop to be povn, the prevlou• crop, 1011 
and 111>l•ture conditiane. and the farmer'• ovn pnfenac••· there l• no 
general •P"•wnt aa to what coaatltut•• the opt.._. level of Hedbe4 
preparation, and, in f11et, what la opts... on one fana.., aot M optf.aul 
on mother, md vb.at l1 optima for OM .... o may not be optiaul ln 
another. Hucla d•pe.Se on tbe veatbar Md aoU eoodltt.ou. a\d the tndl· 
vtdual farmer ... t uae hil pod Jud ... nt in plamatna cad perfonalna hl• 
t111a .. ~rattona. 
The pl'ecedtn1 uctton '""nu an fl'ftr•U vlew of the total f&l'llin1 
operatlo 1tudte4. a.tore etcemptlng to analyse aa1 reeult• ot the time 
•tudy data tt ta nec••••r1 to deftne some hnc!a.nt•l te..- r•l•tt.ag to 
1UCb1ttft'J perfo.....ance. Tile foUovtna t•~ are def!Md by latner et al. 
(l, p. 2tth 
Tbeorettc•1 field ~apaclty: tit• rate of field ~r•ae that 
would r••ult U th• uclliae wre perfoNS.na lt• fUtlCtlon 100 
ptt cent or the ttM ac the c-ated forward apeed ad alway• 
covued 100 per cent ol U.e rated width. · 
lffeetlve 11-ld c1pactt1: ch• actual aver•.. rate of 
coverage b7 the uchtu, bued \lpoG total f teld t • 
Fteld •ff tcf.enc1; tb.e rat to of effective f .teld capacltJ to 
theonttcal tteld c..,acltJ, expn••-' u a per cent. lt 
lncl"'•• the effecu of tt.• lat in ~ .. field • of 
faUure to utlU.ae tM full vtdtb ol the machine. 
Jield lfflcleGCJ ie all tadteatloa Of bow c1o .. 1f Ol\e f.e appro-=htn& 
the theor•ttoal •xt.aaa rate of cover•• vlth • atveo llolcb.f.ne at a 1tve11 
epeed. ror l'•uoua dlacu.eaed by Ncllbben (12) it le t•rent.17 •n cllf· 
ficult to obtaln htp f l•ld efflcf.eocle• wt.th th• htper cepacitJ 
uchinee. h'Oll thll point of vlew. therefor•, effective 11•14 c-.paclty 
la a mn •iplflcaut figure the fleld efftcteacr, •tnc• effective H.e14 
c-eactt7 •UOT•• the i-ate at wbteb work t• 11eto•ll1 t.:ln1 perfo--4. 
&owev.r, theosretlcal field cap11e.ity point• out how aacb taipTovwot in 
ucbloe c-.>aclty lt might be poa•ibla 'o obtat.n. 
ror th• pu1:'poae of tbt• atudy another •fHclency ten; u.17, ti. 
afflol•MJ, l• deH.aed. TU. eff.lef.enc7 f.• the ratlo of the ti. epent 
3.5 
ptl'fomtng th• 1nten4ed fun.cttoo to the total !teld ti... expreaHd aa a 
percent. lt h• valv.e to. that f.t clear17 tndloatu what propo..-ttcm ol 
the total t:l• S.. 1peat tn: perfontq the tat.Wed function and wbat 
,proport1o~ le being devoted to other acitlvltte1. Ttme etftet~J ts dlf• 
-
fere.at fr. Held efflctenc7 tot two r•uontt (1) •Y overlap of 
machlaery. •·I• of • di•k• cw vorkiq of aiool' art1u twice. auch u 
headtlftd•• ruuca field •fflclettCf but. not ti• efticl•no1• ao.d (2) 
fpHdl U.eted. tind con•89&~t1J theoretic.al field capad.tl•• calculated 
f~oca the .. apeeda, -.re nece .. arllJ ... ,.,. vatuea. for • t111age opttr•• 
tton • .such •• plowing, lllOllAfttuy •PMd• are Ubly to vary •lplttcantl1 
from ·th• .,..r•ae •• aotl coadttloa chanae. e..-101 • sreater or l••••r 
amount of altp of the dttve wha•l•. The 1peect (rp11) of tile anatne tt .. lf 
l• •110 1ubject to vutattoc with loat; a aoven.ed enpne rill nan futer 
than lte rated apud \lnder llgbt load• and tt II&)' be puU-4 below rated 
•peed by an cmtrlod .. 
'l'h• fua ucbl•l'J tnduatry 4eaerva1 credit for MnY tlllpr~t• 
contl:'lbuttna to tha more effective u1e of fan aacldnery. !he•• improve• 
aeat• range fl'OID eucl\ 11.,1e, ed. obvloua, mattel'• u provtdtna luatt 
capacity Med ad lerttltaer hopper• on planting MCbiaefJ, to more 
•ophtet1cated reftneaent•• .uch aa t.mpt:oved tractor tr41D111l••lona vlth • 
choice of ten or more forvcd •Pffd• • which M1r.e tt P<>••lbl• to utcb. 
tractor speed to tmple.ent draft aDd fteld oondittooa. 
• 
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Spectf!.c rteld 0,•l"•U.ou 
&efer•ttee ta •&•in cud• to Table 3 whiob li•t• the MChinery ln uae 
on the ce.M tara. lt ahould be noted that of the thT•• tractor•• one vu 
avalleb1e only fo~ the twO .,nth period froa Ha)' 21 to Jul7 27. 
Tabl• 4 11 oatrected froa the official ht>ruu 'h'aotor T••t• (13, 
14). lt U•tl drAWbar puU. apeed, and percent •lt" of tbe dr;ive wh•l• 
fo'C' each tractot: tn eacb of tt• 1•••· Jh:'avbar pull• obt•iaed ln 
lehraaka Teat a are not •t~tctly applicable to £..-. conditlone •1nee 
'tb.eJ are obtained on a concrete tut track and vlth couatderably •r• 
ballMt on the erector thm i• uaua1 in aotual f•r• work. to•t G doe•, 
honv.r 1 li•t actual tractor apeed la •aob a•u vtth tile tractor enatue 
nmd.ftl at it• l'&ted lpeed. ft•M epeede C40 be ooapared wttb the •peede 
at vb14h dl• val't.oua field operation• "•r• performd on tbe c .. • f ara. 
Table• J and 6 contatn lnfo~.atton f1:'0a th• tt .. atuclt•• ..Oe oa 
th• cue far•. tat;le 7 offer:• • 00111Put•on of reaulta from tit• caae 
f U'la atudy vttb re•ulta froa a prevloua atudy (lS) coftclueted by tit• low• 
Agricultural lxperl•nt ltaUoa on field operaUou perforaed by the 
UnJ.veraity raa lervtce d•rtaa 195.S. tuforuttoo. avaUole fr0ta tbe 
prevtou• atudy v .. U.llitacl, but t'ole 1 t•nd• to ahow tb•t lligber effec-
tive ft•ld cap•iU•• were obtaloecl on the c .. e f_... Ft.pr•• 8 and 9 
depict obt•rved average tleld •ffie1enc:.l•• on the c ... fera, figure• 
10 Md 11 diyide unproductive Held tiM into its co.,onenl put•• and 
rtaur•• 12 and 13 depict •••rage ff.e>ld 1peedt for each operation. 
• 
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table 4. Ir..,_. laorMpower te•te abati-acted froa off tclel Bebruka 
bactor te•t• (13. 14) 
l 
2 
3 
4 
s 
6 
l 
2 
3 
4 
J 
Dr_.ar pull t Speed, 
pound• 11i l•• per houl' 
Teat 528. .:Jobn Dute 70 cl1•••1 
feet• r and G·-100S ll*Ki••• ioac1• 
IU.p of 
drive wb.e•l•. I 
t'ot•l wet.pt aa ceeted. with operator, 9028 lb. 
36 .. 08 
44.50 
44.57 
45.09 
44.04 
42.71 
618P 2.19 
4941 3.38 
3687 •. ,3 
2'89 6.Sl 
1840 8.98 
1243 12.88 
Teat S69. Po1'd 960 gMoH.ne 
Teet 0-.-0,.rattna aul.,. loadb 
total wt.pt u t .. hd, vs.tb op.arator, 6475 111. 
23.SO 4669 1.89 
3.S.38 4153 3 .. 19 
36.6S 3087 4.45 
3,.02 2086 6.30 
31.S6 1027 11.5J 
15.85 
8.3.S 
s.se 
4.30 
3.0S 1.,, 
16.65 
U.41 
1.11 
s.01 2.,., 
At•tt r Md G er• one ad tile 1411M taat lor • dtu•l powered 
ttactor. 
bre1t G 1• ude w1th a mo-re ecollOlllcal carbuntor adJu1C:-Ot 
tban fol' t••t r for • 1&9oltae powe1'ed tractof. 
lithty•fi• pound• per ecre of 16•20 .. 10 fertlUnr wei-• •PT•*' on 
field• 3 and 10. Tile 10 fc. ferttU.aer apn.Ser w• pulled l.a tad• 
with • land l'ollu M tluac the two JoM wen perfoNld Witb ou trip Oftl' 
tile field. It ta of f.ntel'dt co mt• the vutatlooe tn ff.eld and time 
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the difference in tille ll•ted la tbe miacellaneoue coll.Uml of Table 6. 
la one coe the apreader c .. unhttcl\ed frOll the tractor aad aom delay 
.,.. thu• tacurred ta rellitcbiog. u would be: eJIP8Cted fot" a Job ol thi• 
type, th.• initactpal t1• lo•• occurred in fUU.na the fertllt•• boppera. 
ft• fertiU.aer wu purcbuad. ln bulk (unaacked) ad v .. •cooped dlr•otl7 
from the trock into th• apreader. Ro tiae 11 Uated for turning Mc•M 
operation wae 8\llCh dl•t turu won 90 d•st••• each and were ..U. ••••n• 
tlaUy at operatlaa apeed. 
te• d!•ktn1 
Dae 13' ft. tedua diak vaa operated vi.ell tbe Jotm Deere tractot la 
fourtb gear. tllaad dac were t...Un on three occutona. 0:1.ffenacee ia 
ef f1c.teac1ea reflect nch lo•••• .. tfae tput to •topping tlae aacb.ine 
to allow the operator to dlamouat ~ ptck up roclce. ror the low.et 
etfieiecy recorded, tutni11a Usa. mtecaUaneoue U•, GDd ti• plcld.ng 
up rooks are •11 nlattve11 bip. The lapat ihll ln th• •1keUaneoua 
co1um vu 15 mlmat•• for replactag a bolt ln th• dtak llttch. 'turning 
t1- vu btp bftcau•• lhort 'fOW• MW OM eet: of butldtnga were being 
dl•ked. nece••itatiua aaor• tul'IW per uo.it tf.M. 
Although p1ekt111 up rocka i• aometbtua of a out•anc• • ..S lt doe• 
•ted.ally l'educa the --.mt of work tt t• ?O••ible to -=~Ueh. l.t le 
felt by the far. operato1' Wt tb1• ti.M l• '181')' well apent la vtew of 
the daua- whtcb the rooka can do to ,_.. Mdllaa17. 
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!lag:ordn1 
ti.M eff tcle:ocy fol' th• 27\ ''· epike. toot!l laan'ov vaa 83.S per.:eot 
at an effective capactt7 of 13.4 .er•• pflr llour. rteld efftclency vu 
64.S ,-rcat.a :lt'ldtcatlug that a ucbtn.e or thle •lff la eubjec.t to aome 
capacity to•• due to overlap. NI bu been •nttoa.ed eulter, lt i• mre 
dtffteu1t to obtal bigh efftctea.ole• with high eapacitf aaachtM• tbu 
wlth ucbtaes havtog a lower theontic•l capac;Lt7. 
ft•l• &Ui•t!K and i!Rrow ·"R!a cee&ut1o9 
':n&ree harl'OW MCtiou wei'• pulled in tadea with. tM 14' tt. ftelcf 
c~ltlvator. U•• of the b•rrow dld not notice.t>l7 r~uc• the rate at 
'Wlllch tbe ft.ld e1'1ti.vatoir wu opet:ated. the WlS.t waa operated witb tile 
.John Deere tracto-r la thf.rcl gear ad th• oper.atlog •peed -... u•enttally 
th• .... • that recorded ln tlle ttebr-uka t••t. Pf,,ctd.ng up ~ocka wu 
again th• 1.ua••t tilll lo••· 
P?fti!!I 
Plovlna vu cf.Md for two trMtOl'I and thr .. dtffenut plow•. One 
cOllblutloa vu the l'Ol'd 960 tractor Md • 4-14'' 1ot•ar•1 plow. Till• 
collbtutton. wq tt.M4 on tlw ooc:ulou. Although the tractor ... 
opel'ated tn third gear. Ille average tractor •peed for tile fit:•t four 
period• wu 3.ll aile• per bour, or l.20 at.lea per hout' •lower tllaa die 
apetacl obt•lned la ta• lebruka t••t. thi• •lower •peed w• en-natly 
du. to vbHl •llpp ... ad overloadlftl of cha t:ractor. Average •SMMd vu 
4.2' mil.ea per llour durlq '11• fifth pertod when plovtag coadlttou btd 
bffa coulderabl7 illpl'oved hy t.ntenntna ratnfaU. 
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plowl lnatt c n.aittl t tile Jolla Deere tractor 
• 3• 16' · t•p•1 M tt.Md four occMto • 'l'td.• traot I' u 
alao rated 1 1rd er at • awra • •pe f 4.29 at.le• per r. 
the 4.4S tea per recorded ill tb• lebrub teet. 
ltb ab • ••U•r th Jo Deere uactor wttlt 
be ford. operatin • • 1 ft • ..,,. ... ••ll•r . 1 tb• ar••t• 
retlc•l •ff tive fteld c11>actt1. 
the th.tr4 plowtn cOllbtut1 coul•t-1 of tbe Jotm DM~• tractor 
u6 • tratled 4·14" plow mtda vu borrowed fna • aetatabCJr. 'Ital• plow 
vu uaecl ua .... 1, June; aft.er •prtaa ruu taprOYd plowiq condl• 
. tlou. Operation vu '" cbln aear at 4.49 11Uu per hour and • 
effective c...-ltJ of 2.15 .cna P4l¥ bout. Tbe fan operator WM afft-
cl•tl7 i.llpn••ecl vltb dae .-rfonmc:• of dale plow Wt be pan:IHHCl 
OM for ".. fol' tlMt 1960 Cl'op ,. •• 
Cgm pletty 
ti.ad •tudi•• of C!Ol'Q plmttna wre Mil• for tl\t'M dlffenftt perl• 
ode. tarter fel'UU.aer vae ap Ued et the r•" of 90 • per •r• 
of 6-2'.·12 fertUiaer. t1 tnHC.tictde. bept.clalo.. P'...,.l••• vu aleo 
.,,ued at the nc:~aded rate of 5 pound• per acr•. but tbt.e operatloa 
aaaed llttl• elay of th• plaottna operatl • Aver.,. plaactoa •peed 
vG"ied frc:. 5.00 to s. 20 ail•• per I.lour effec.tlw field capecltJ 
v•ted frDll S.00 to 6.71 sr•• pa bour. Moat of tilt• varlatlOD ta •f· 
f .ctlve capacitJ ta • lat.Did l>y daft f11ec tbat three tffe~t varletl•• 
of •Md com wen pl•t..S dul'f.na the periocl '6ea •ffectiw capMlCJ vu 
S.00 ..:.ru per bour, aad thla tnolved COllPl•t• ..,,,1 ... of &be •"4 
boxea and cllanatna th• bed plat•• each ti.• th• aeed com vad.ecy vaa 
ch.an&ed. l>tffuent YUieUef wn plaatu to provide a Jiald check. 
letm te&na 
Opel'at.lon of the rota1'7 boe wu alao tiMd for tlane ••P••te per:I.• 
odl. Tiie ran tractol" WU u•4Kl to pull Cba 4 .. l"OW rotary lloe. AWi' ... 
•peed for tb• ft't'et ttr.4 period wu 6.1 llll•• per bcNr. 1'bt.a a,.ed 
re1ulc.d ll'Oll the. fact tlaat the boa could M pulled tn fUr.b gear over 
P•t of tbe fle14. but cwld only be pulled ln fourth par over ch• re-
.Uucl•I' of the fleld and lt v .. Mc: ... UJ to milt parl bet.wen field 
eada. lleld coadltioaa were drier durlna the aeeond aod tl:alrd pe"lod• 
aarcl averap operattna •peed ro•• to 10.lJ .S.1•• per hov.W". ftigbut fl•ld 
capectty obt&la.d wa 14.10 ~r•• per botir. Durtnl ou of thtt period• 
• ._. U.• vu lo•t due to th• engine overheaU.na bec&IU9• of a perti•lly 
clollftd radiator. 
S!!:D cu\tiyA§&98 
loth the Jolm i>eere aad Potd tractor• wen u•ed with 4-row front 
aountad cultivator• for corn cutU.vatlon.. rtr•t con eultlvatt.oo. wttb 
tMll com. proceeded at • relatlvelJ •low .-ate compared to the aecoad 
c:u.lttvattoa. lffecttw field Cap.taeitlea achieved for tM flrat cuhtva .. 
U.on •re 3.56 llCP8 per b.otar and S.85 acrea per llour fOl' die Johll here 
am ford tracton t'UfMtlvely. Wlth larger corn pemitt1n1 h1gber tt•ld 
•PHd•, effective cap«;ltJ roae u blab u 9.16 •••• per hour for the 
Jolin Deere tl'actol'. Second corn cul&lvatton vu performed al.mat ealu• 
aively wltb thl• tr.tctor. 
§U~&n. caltt;v•t!M 
Al deacribed earU.er, 107beau on tb eu• farm are dril1•4 •t.x 
rowa a.t a t:la v1tb • grU.n f:lrt.11. Three of th• rwa are •paced a tu.che• 
on eeatel'; tbe reutnial thne t'OW8 •• •paced 21 loch•• oo ceftt•lr· '1'be 
28 t.nch •paclnp provide roca tor a tract• wh"l ktvee11 Cbe rowtt, eva 
after die 107bean• h.,,. attatqed coulderable •l••· ...,.,...,."• tau row 
•paclft& rvlea out tile use of conventioul com cultlvatint 11911.pment. 
la•t•ild• • "•• llDUAted cul•tvator bavt.ua ,roriaton fer lateral adjdt• 
••t oi tbe ..,.., •tand•d• VM ad.,tecl for cuhtvettaa •bt l'owt of be.ae 
bavt.q tlae row •pactus deecrlbed abaft. lbl• cultivator•• u•-1 wt.th • 
rord trllOtO~ an4 11 perfol'lllid 'l\llte aattaf actorll7. Effec.tlve field 
c•aoltte• ol»Hrwcl ••• l. 20 .csea ,. .. hour aa4 6.61 MN• ,. .. hour •t 
•peed• of 2.60 -4 4.88 all•• pe.- bour r••pectlvel1. 
r1e1«1 s!wPP&u !'Si •RrtM IW!MW: 
Tb• f teld for ... ta.arnate&" vaa u•lld fn three dtftenat Jolla, UM• 
17. cbopptaa alfalfa for ta.y, choppina o•t• for •llqe, aa4 c'°Pploa con 
for •ll••• Hoit of tM o•t• chopped were f1r•t *""" end vf.ndnwed vttb 
• ._tbtq aec..._nt; bowever. ftft_.. eon• of oat• ven cllopped utaa 
the di.net cut bud oath• for• huveater. 
To aclalew • f ft'f>'rable overall c..-1c,. u opel'•Clon •ell • •Uap 
llaktaa neceuarUy tawolve• a cnw of 11en w a conat.deT•t• maouat of 
-avt,.ant. lpectftcaUy, la ~ttaa o•'• froa fi•ld 3, two •n ad 
two boy• an.d th• follovtna eq,utpmnt wen aplo7ed. OcM MD oper•led 
th• tiiactor powerlf1a the forap bar'fttt•r; ou uo l'-ifted at tile atlo, 
unlo.tlna •U•ae lnto th• fol'• blower u dM vapu wn kouaht to 
so 
th• ello; tbe two boJ'• ahutUed the wagona betweo tba forage ta..,,.•ter 
and the •tlo. vttb one of theaa ai.o reapouibl• for keeplna ,. •fftot•nt 
_,..at of oat• llO!Nd and vtndr0¥U to tbat lt could n le approxtute ly 
two b.o-ara befo.-.. belaa chopped.. The opsratto l'ecautred four tractor•; 
one to power the for•ae blower. on. to power tb• fol'ap tauveater, one 
vf.th vhf.ch to 8buttle vagoue between fteld ad •Uo, at\d ou "1th which 
to llOll.. U•l"I till• ayetea, me foraae barve•ter VM actuelly cboppf.1\g 
56.9 percnt of the tiM vbUe working fA fteld 3.. Tim apettt cbAnatna 
wqont eccounted fo~pel'Cent of the ff.elcl ti• -4 ucbinesy .Sjuat• 
mtitl, tncludiq ataor r•p•1••• -=:counted for ® pare.at of tile total. 
S..W•t bett•• ~••lt• wra obtatoe4 tn fleld 10; the forage ba'veater 
VP ehopptnc ~ perceat of cb• ttae.. tl• •pent cbaaalnl •aaou vu 
"4u.ced to 10 per"Cent or the tot•l, pt'imuily becauM aore •ilap vu 
loeded oa eacb vqon. aow...er ti• loet due to field repair• climbed to 
2.1 .. 2 percent of the total. koubl• vu egperlenced wttb flet tln• and 
b lowouta oo the •U·•• ••aon-, induced, ao doubt 1 b1 tM f.Mr•aHd lo.U. 
ror dtrect cbopptna of oat euqe. tt. ope-rattaa the forage 
harveetn fell to 011ly 4'6 ,.rG•nt of the Held ci.. l'leld a4Ju1maac. 
r•lllUl~ 22.2 percent of the title~ 11.2 pero•at of the ~i .. ..a ..,.Gt 
l.n uncloaaina the ...cblae. fte two tl• lo••• wen occut«m*d by the 
u.tutal oot feedtna properly lnto the tht'oat of tu uctalae after 1t 
had beea. cut. One• tlle proper edjutt9nt needed vu •:lt•cov•rd and made, 
U11tly. •lowlas down the ped.pberal epMd of th• fH4 roll•, Uttle 
furtbol' dUflctilty waa eMountered and fold effletenc:y incre....i. Al• 
thouah direct chopp1na •lhlf.nated the -..lng-wtndrwlna ope.-atf.on, 
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theoretical capacity of tho forage harve1ter waa alao reduced sine 
wtdtb of e:ut waa aeven feet tor: the mower and only five feet for the 
dtrect .. eut hanattng lut.t. and, while field •peed vu greater uatna th• 
direct-cut bead 11 1.t wu not enougb.. to brtq the theoretical capacity \IP 
to tluat of chopptna from the vtodrow .. 
&oppina of ool'ft aUqe w• tt.ed cm four different. daye. Time ef• 
flcienclee ranged fl'O 67 .7 percent to 77.9 percent. for the tvo period• 
tbovllll the 1.owat •f lt\d.•nct ... eff.lci•nc1 vaa reduced due. to the fact 
t.hat eUap fna UJ ron of corn filled • VllgOn. It vu thua nee••hl'Y 
to travel oM•fourtb l'OUnd witbout ohoppt.na to t'•tvrn tb.e loaded. •qon 
to the beadland end pick up a apt)' ou. !bi• proeedure allowed one 
uo to haul the loaded vqoll to tiae alto, MptJ tt into the bwllcer, and 
1l'•tun t:ba •8'P'tY vagoa co tll6 field by the tf.o.ie tbe operator of U.. 
forage harve•t•r retutl*l to tb• bud land with a freeh load. Pacld.q of 
tb• •llap ln tlMJ bunker vu acc:0111P1..llbM by a thtrd crw --. ... 
Hu .W:J!!tty 
Aa MnUoiwd prevlouely. llfi1 WH bane•ted either M chopped h•1 ~ 
•• baled hay. h either c ... the preU.etn111t1 optn:atiou of **lng and 
raklna •• the .... The llCllMr vu operated at average epeed• from S.SO 
to 5.73 mUea per bour and at e!feetive capacttl•• fro• J.63 to 3.92 
•• .. per ho\11'. U., rakinavu dona wttta two 11de deU.•rJ raka1 bttcbed 
t.a tandaa. thu• raking • 14 ft. watb of hay into one vlndrow. Speed of 
operattcm ., .. 4,.40 1111• per hOUl" at • •ffeetl• eapacit7 of S.15 to 
.5.34 acn• per hou..-. Tb1• procedur• ... nl>jeot to SOlll, variation. &om 
hay •• b•led uetna wtndft!We contatnlq bay froa • at ft. -th. 1'hM• 
52 
~•ke• were ~•ed t:o thl• tituation, tlJO o,.reted 1n tand•• an4 on. atnal1. 
•r• 28 ft. vtadrowa nre utiUaed tn Ugbt hay, the tandem rake eQllbt .. 
n•tto:o va• u•ed. 
Tia efftctencf.ea ranging from 52. 1 pet·c•nt :to 66., percent wn 
obtain.cl wb.Ue chbppt.na bay.. The lOMr figure ••• due to repatra Vhlch 
btid. to ba ude on tb elevator uod to •tack the hay in the lou. 
Say baUaa vu cuatoa hirecl wt.th t!M b•l•r o,.ratol' abo .furntlbtq: 
bale waaon• and ou or two •n to et.ck b&lea on the tr•U•d wapa. 
Thi• parlllitted th• farm crw to devote theb •ffort• to getting cu hay 
tntq atorage u fut at tt wa1 bal•d. tlwl 11tnltatal11g vork ae wll a• 
weather hual."4111 lffect1• capacity, aapr•••ed • ac:r•• p•r hour, 11 
highly dependent on hay 71aldi effectlw cape.c:tty inerea•lna • yteld 
cteore&H1. 
Cq!ptttlna 
loth 1oybeana and ahelled corn were barveeted with a .. if propelled 
combiu. for aoyMan harvelt a 10 ft. platform wu u••d aud five rowa 
•r• eombined each pa•• throup the Held. Beau wen trucked dlr•.ctty 
from thtl collbiml to • grain elevato~ in town. Vaaon• were available to 
rff•ive beau ftota tb• combine. but in aeneral the truck could IUiul a 
lo.S to tta. elevator and r•t~rn before the grain t~k on th• cOllbll'Hl 
would M filled. Whenever feulbl•, th• graln tank on th• cOllbine vu 
unloaded without tnt•rnapttns th• comld.ota.a opertaUon. Collblniftl epeed 
••• 3,.00 •il•• per wr, effective cuapecity wu 2.98 .acr•• per bour and 
thte •ffteS.ency vaa 87. 2 percent. 
Shelled corn wu harvetted et approx1 .. tel7 28 (Hll'C•nt .:>iltur• 
Sl 
4ont nt. uatna a c:.oTii baad tttachrlent for t1w combtno. T corn v.aa 
rtiftclally d.rt&d to a 110i•tul!'e content of 12 fMlt:Cont and placed in 
at.oi:qe.. Oporratitta •peed vu 3. 20 mil•• per hour and tf.a ofltctency 
vu 68.1 p4lrcent. Capacity of the e:ombino •~••ded the- cap41it.?1ty of the 
drpr to roducct tho iature content to • Hf• atot"age le'V'ela m4 on.ea 
t e batch dt"Jel" vu charged wltll wet corn th• c0llb1• operator wu unnr 
no particular preaaure to OP4lrAt• at. btgbeat c•puU.y. 
Cem 2&ckt9 
Ont bundreld ff.ftJ one •r•• of corn •n ta.r:vMted vtth a 2•rov 
mounted com ficut'. ft• haneetlna cHW comatated of two •n, a 11 
tu vav•l c-; ne .. oper•tt.na the ptcket'• th• other ba1Uq ad plac• 
tna th• corn 1• a cl'J.b. Bo detaU.a. ttm •tucllq of the ptcld,q opera• 
tton wre perfonad. 
TIKI UQUillED POlt ClOP PRODUCTION 
Tabla 8 ll8ta further data concerntna the tillage practice• fol-
lowed on the c .. • far•• Ind the reaultina t1• require•nta. It •hove 
hov total fteld time per acre varied with th• treat .. nta appli•d to dlf• 
ferent field•. Harveating ti .. i• li•t•d .. parately aince the barveatlng 
.. thod choaen can make a .. rked difference in the total per acre ti .. r•-
qulre•nt. 
0.apite the different tillage pattern• follovecl becauee of varioua 
c1rcuiaatancea, there are only 1aall difference• a.ong corn and aoybean 
field• in pre-harveat u .. requl.rementa. Field 14 above the loveat 
requlre .. nt; 1.42 hour• per acre. Thia field r•c•ived le•• tillage than 
other corn and aoybean field• in that tb• corn vaa planted iailldiately 
after plovina vtth no interventn1 aeedbed preparation. A aeparat• opera• 
tion ... required to apply aranular berblclde to th• fi•ld. If the 
planter had been equip~ with a auitable applicator, a further ti .. 
reduction could have been llade. In connection with plow-plant tilla .. , 
it ebould be noted that, whll• the total field tl .. required i• 1••• than 
for more conventional method•, ti .. during the planting period i• likely 
to be even more critical than for more c~ntional .. thod• •ince plovlna 
it•elf a.set be delayed until planting ti... Under auch a ayat .. one can 
plant corn no f .. t•r than he can plow. 
Pi•ld 4 had the aecond loveat pre•harvett ti,.. require .. nt; 1.51 
hour• per acre. Thi• reaulted from the fact that tht• field waa in 
.. adov the prevtou• year and conaequantly required no diaklna befor• 
plovina. Inatead of a aecond cultivation, tb1a field vaa aprayed to kill 
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volunteer alfalf•. Tb oth•r field ln •adcw the previous year, fl•ld 9, 
v• t pl.anted until June 8 od tt recetwcl two cvlttvatlona aa veU u 
• •Pl'•Yina• 
rteld 6 hed the bi ••t pre-harvut .... f.nmnt; 1.88 hour• per 
UI'•• Tb1• v• due to wt ••tber nec•••ltattna a ••t~• tr•alllent wt.th 
th• field cqltS.vator wheci weed• 1-pn to eargo befOl"e the field could be 
planted. .lleo, tn fteld• s .w '· aaatn be~-- of wet •oil conditiou. 
• MPR•t• tuarrovlna oper•tt.oa vu performd foU.oving u•• of the Held 
cultivator, l'&thar than uatag the field eulttvator-barrow tend• combln• 
tlon. AU oth•r corn a1.\d IO)'Han f lelda baci •Wlat- pre·h•rw•t ti. 
1'9qUb"..attta. 
C.ll bal'W&U.u1 tiM vart.S acordtna to trhlcb of the chne •thocl1 
waa uud, tbouah there vu not a •••t cli.fferenc. between tt.M re,ut.n• 
Mnta for picktna and comblolog corn. Coaabtutna Cl• t• l••• for aoybearut 
tba for corn becaue of tl\fl sreater el!ecttve vtdth of the collld.ae when 
uetng th• p1atfona header.. '?001 aoyNMI yt•ld l••• tluan com, 10 tlM 
pain tank Med nol. be empt1ecl u of~a. It 1• po11tble t.o uaload the 
cr•tn tank vbUe the comb!ae conU.nue• to har-veat the crop. \'hta 
pi:ocedun vu followed on the caae fat11 vheaaver coaveulent. 
AU of tbe oat• produced ven. h.,,..Ud .u etlqe. Cbopplog tf.M 
p•r ere vu peater for dir:eot chopplna than for choppl.q from the 
windrow, buc direct chopping eltmtnate4 • "puate mowt.u1 OJ>*l'atloo eo 
tot•l f leld t1me for the two •Y•t•.. wa• approaillat•ly the 181111. How• 
ever, chopptna fros the vtndrow proceed• at • futer i-ete than dttect 
chopping lf th• forage huve•ter can c:cmtinue opel'atiua vhf.le ~ crop 
59 
la bet.na mawed by aothar operator. 
'l'tme r•q,u:t.red for haJ hfll"M•t depend• to •OM •xtent ora yield, 
althoup ti• for DiOWlna $Mf ruins ,. lnclependent of yteld. hcond and 
third cuttina b.-y y1elda on tbe CaH fan& were very eiatlar. Hay baU.ng 
•• • field operauon proceed• facer than •t•ld choppf.Jla. but total MU 
hour• per acre Air'• ar••t•r for baling than for ~hopplng. 
Table 9 Uett the total field title required for each operatiora fot 
each crop. lt a110 Utt• th• percentag4l of the total fleld tt• 11Cc:ount• 
ed for by each o~ration. lt ia •••n frona tb1• table that plowing 
.-ecautred 24.3 (Htrc:ent of the fl•ld tUle fol' corn rroduotlon; dt1kf.ng, hu-
rowtna, and field cult£vattng required 17.6 ,.rcent; planting t1ecounted 
for 7.1 percnt; wed contt:ol for 21.S peroent• and harveatlna for 29.5 
percent. ror aoybeane. plwtna accounted tor 30 .• 6 percent of the total 
HAld tiae; clilklna, h.urovtn1. -.id field cultlv•ttns for 17.2 percent, 
drU Una for 8. 3 pescent:; wed contr-ol lor 26.1 percent; itt1d harvti•tiag 
for 17.4 ,-rent. ha•pletlna operation•, tben, required 43.& pere•nt 
of •ll the time nee ed for corn p:roductton on the caae tana, Ud theM 
operation• l'•'IUired 47.a percent of au tll• t1• needed for aoybean 
pcoductlon. 
Oat production required only 1.42 f1e1d maohiu hour• per acre. and 
73.4 pei-cent of th1a ti. vu for harvt•tins opuatlons. Per acre U.• 
would be reduced contidera,bly if the crop vere eoabined 1n•t•ld of 
enaUed, but the total nutrient• b_,,.eted would be much l••• alto. 
Hay productton ueded an •"rec• of 0.81 field bour• pet' acre of 
hay harveated. lt vartad from 0.92 bouTa pttl" acre when firat cutting 
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62 
hey vu ohoppd to 0 • .59 hour• per acr:• when 1econd and third c11ttin1 hay 
waa bal-.1. 
The t:t.mee ltated ln table• 8 and 9 are for f teld maehilMI houri 
onl7, not total :11an hour•. All huve•ttna o~reU.ou re~uir:ed ue:t•tanc• 
frOll oiw or more er1one in addttlon to the field machine operator. loJ"" 
bean.a were h.uled d1rectl7 from the combine to • Sl'•in elevator ln town. 
and one un vu t1'ua uaploy•d in trucking. In harveltt.ng corn, one man 
va1 •ngaged in hauU.na com and tendlog th• dryer when ft.•ld ahelU.na 
• 
com; ad one aaan vaa eopged in hauUna and cribbing corn wll11• it vat 
being picked. 
Hay huveattng required ere labor. · When chopping b.ay one peraoa 
vu needed to 1huttl• waaon• bee-en th• field and the hay •t8Ck and one 
wae needed to unload the wagon• at tu atack.. When chopping oat•, a 
""rage of four per1ona vere e_,lo,.d, Tb• _,.,lna-avathlng o:peretf.on 
••• done 10 that the. oat• would vltt abOut two hour• before choppin9. 
Al•o, tn harveattna fteld 9. eince tbe aUage wae b.alecl to either h•t 
A or Tract C, tt vu oec•••&rJ to have two per•ona hauling the 1Uage. 
Aaat.n, ln Ol'der to ff.11 one •Uo eompl•t•lJ, lt 1da a.ec•••&rY to have a 
ll8J1 ln the •11o it•e1f whll• the 1 .. t e9Vera1 load• vera unloaded . Bay 
baling required an average crew of five •n; tb baler operator, one man 
I 
to etack bale• on the trailer behind he balel', OM man to ehuttle 
trailer• fro the field to the ttorage etActure, and two men to place 
the bale• :ln. 1torage.. Cbopptng ccrtn 1Uage &"equtred an .-ra.. of two 
and one•half MQ. Some ailage wa •tone& tn a tower atlo with only two 
Mn in.volvdt one operating the Held chopper and one hauUag and unlo-.d.• 
\ 
63.t 
b11 tbe •Uap. Howev•ni·. in iUU.ng bunlter ail•• an utr-a MB vu ndded 
to keep the 111•1• peck-1 tn the bw:lter. 
t.it1e 10 lilts the •••~u•l diatribtitlon of the en11r17 aed 1.i:.Gr 
requt~e .. nt• for fteld crop producttoft, while flaur• 14 •hov• th• rel•• 
ttouhip• whlcb nlated aong eUrlJ l'e,ulr ... nt8 1 labor l'ltflV{f'eMftta • 
and ucbina:r7 up tlll*ottshout tile 19.59 cr0p 7ur. Pt.pre 15 lacllcatea tile 
relative .-ount of work wbich ••• cu.t011 laired Ot' perfo~ witb tile 
1ea•ed tractoJr, a •11 u the ti• of the year vhea tbi• Mtvlo• wu 
utUlaed. The only r:u•toa won lltred w• bq baling, end a eigntftcat 
advatage of hlrtas t'b• bating 4o• ••• tu couequent avaU0Utt7 of 
the cd• fara labor tupply for plac:ln1 th• ba7 la •c:orage .. f.t ., .. 
baled. Th• leaed tractor"" available S.n Jua and July vb•• 1'0Qtal1 
f teld .. ohlne load• wera htall. 
. )' 
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In oper•t1na y fara, aOll8 d•l•J• du• to •4l'lip119Dt failure ere 
virtually tnevltabl•• altboup they can be abt.f.ai•ed to a tarp extent 
b7 proper •tnteaance Md care. the cm•• of eom of the delayt1 llbicb 
occurred on the c.,. far• ere detall!ld 1 thl• aectton. 
On one occaatoo approximately thirty alnutea wn IPlllt tn attellft• 
tna to Mke • hydraaUc r• vork properly. Tb• r• would ex:te-od properly 
but would cloee alowly. After ""r•l npeated extendlnp ad clo1inga 
of th• r•, lt aucldenly began operattq properly and it pve no furtbar 
cltfftcult7. Th• reaon for the •lfunction va CMMar diecovered. 
l early April 9098 trouble ... •"P*l'ienced vitb a erector eqt.na 
not 111nntn1 properly. A faalty •pe.rk plus v .. bl.-d for the dlfficul• 
ty, but •lailar trou 1• vu encountered • next da7 after the •perk 
plug bad bMo rep1eo9d. The 111Pl-nt ••l•r'• Mrvic-.n c- to tba 
f ara and. tutaUed. MW 41•trlbutor bnaMr point• and • aev dtetrtbutor 
cap. but with no appuant aucc•••· The Mrv1ceun then addad a aull 
.-unt of dia1el fuel to th• plOllne in th• fu•l taok. and tbe tractor 
rma very vaU after thb treatment. 'the .. rvtceman•a tiwol'J vu that 
th• ... oltne betna uMd vaa a blablJ volatile winter grade and that at• 
1101plM.-tc ~ engine beat re arut •nouah to cav• tb• fuel to 
pettall7 vaporbe in the fuel ua. tbu• c••lng an 1llpecled flow of 
fuel to the carburetor, and mi•flrtna of the •nP,ne. 
The ol.v1• on a trector U.ft U broke whU• plovlna. makf.q tt 
lmpoeetbl• to 11f t the plow. Ia UD1aite lna cbe plov from the tractor it 
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waa nealected to dlaconnect ch• hyclraultc ho••· the ho.. ruptured when 
tbe ·tractor wu •tarttcl ia motion. 1'h• tractor had alt>eadf bMo lo.tag 
bydrauU.c f11dd from a l 'mlty guket, Md npd1:• wre ude for all of 
th••• 4.tlct.nctee. 
The geu~atOY Oft ooe tr*Ctor ceued to chup the b11tter1 .and f.t 
... repleced vtth • l'•tNUt one. 'lbtt generator alea SWoved fmlty • bu.t 
the ou MJl\t. tuata11•4 pw good ••ntoe. 
Vha ftret atte11ptla1 to· load raanvn tt vu dS.ao08nd thac tu 
craotol' lotd•# would not Ult • heavy load. The tractor b.:I to be drtven 
to town to have • faulty hydraulf.c vatw Hplaced. 
WhU• ap.-eadlng 8*Utn a power traaeataetoa chain on the epruder 
waa broken and • beat•l' ahaft wa IMnt. A tw "1• lacer the hltch cm 
one uman epreadel" broke f ~om bU'CI u••S6 and cou11dwable wldtng vu 
requl'fed to rep.ti• the bitch. 
A rNk vu etrw:k vttb a plowaban• bnatna off the point of the 
•bu• and badly bendtoa tbe plow bee to vhtch tbe eh-. •• .attehe4. 
!hie occul'l'ed ~ thovah the plow _.. equlpped vith trip bottoma whloh 
are pr••u•d to p-re•nt aucb dmag• when the;J ue pwoperly .adjuatd. 
A ou .. foul'th lach dl ... t• atM·l pia vu lo•t from tu ateertna 
U.ulcage ot one tractor. n4 oper•ttoa had to be hal ted untU a uw pin 
could be Mcund and S.nac.U•d· 
A tl'&etor bead guket "blew out:•• one iaveatcg whU• p laatlog corth 
The tl.'&ctoT waa taken to tlle dealer•• t"epalr •hop tor eervt.ce the D.ekt 
morning. '111• lmple1111at dealet" loaed the f4"1 operatol" bJ.• democetrator 
tl'tletor to ua• .title ropalr1 wete betas made. 
'l'h• marbr• on the corn planter would aot funot1on con:ectly. They 
would Uft u the plantel' vu lifted at the l'ow ead•• but tbey wou14 ooc 
drop tnto marking po•ltion at the planter r.turned: to p14U'ltlna po•tttou, 
and tt waa au•••lb:'J for the machine operatol' to get off the tractft 4M\d 
let the urker down. TH Ulplemnt 4ea1•r'• ••rvleuan w• caU.ed to 
the fans to a4ju.at the urker• eo th4t tbe)" would work pl'Operly. Later 
• urker caught on a feMe poet vhtl• tul'ftin9, bendtna th9 Ml'tc.S'. lt 
hMI to be ~ _. •tralpteud kfOH: further plantiaa could be done. 
The dravl>ar UHtlb11 of one tractor •\lffered froa h•rd u••• and 
had to be l'epalnd 1»7 • l>l.ackaei.th. 
Tb• ecee1 tongue of tbe rotcy bot broke off vbl.1• betna uMd. The 
tonau• w .. welded together ..i r.lntorcect befon hoelti8 coulcl be 
coo.ttnued. 
Ona atde d•U.wry t:ake vu rather bllll7 COl'n up W.n a •t•l pin 1a 
th• par box eheued off. On.- Take tooth •• waa brokeu at wU •• ooe 
of th• reel cutln .. and •uite • l&t'ge *80Unt ol repair vaa nec•••&l'Y to 
put the Tab in oper•ttna coacU.tlon ept.ri. 
SOM trouble vu experien.ced wtth dl• uolo.cllnt .-chanu• of th• 
fflf unloadtng wagou. puticutarly vben vnlo...ttna •tlapa. The weight 
of a load of •Uap wu apparently near the Ualt for vbtcb tlua unload• 
f.q •chtnl111vu deaf.gned 1 and ...,.ral bnakd.owu of a relatiwl7 minor 
natur• occuned wttb th••• waaon•• Plat ttra oo •Uaae waaou a110 
occurred Mver•1 tl•• ubder heavy loade. oae preaaed •t•l vheel broke 
loo•• fl'Ola it• hob while a load of eUap wa beto.a traleJM>l'ted on the 
road. Th• lo.S. dtd not upeet, bue egtenetve ._. .. waa done to the R10ft 
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par. 
Trouble vu alao experienced with ~ elev•tor uHd to ltKk chopped 
hay. 1n th•t the elevator bopper dr•a chain h-4 a tendency to break l'•• 
peatecl17. The elevator MOUfacturer'• aervlc.-.n vu cCMUtUltecl. Ha 
rKa ueaded a aproclcat clump to atov th• •J*ld of the 4rag cbaln ln 
relatio to th• U.ft baln. Thie we done vtth wry good re9Ulta. 
WhUa baltng cy a mmber of bal•• pua.. throup the uclllaa wt.ti\• 
out betna tied properly. lt vu nee•••.-, for ti. baler ••rvlceun to 
toatall •new knU• and knife ar11 on the twlae c:uttlna •ch•t•. 
One paddle o the forage harvetter f11'fbeel worked looH wbUe 
chopp1na bay and beat p the flywheel houatna ....mat Mfor• tbe uchiae 
could be etoPJ*!. I~ bratna on the bouaing vu a.ceaeary to np&ll" 
th• damp. 4 pint tM foraae barveater feecltna •c:bantea vu allearact 
while chopping oa.ta, cai1iq 9099 delay. 
rev of th• tf.me lo.-••• U.1tad hen wen of a really •rtoua nature. 
8oae of thea al.pt haw been fonHen, aa the tire trouble vblcb reeultecl 
from too heavy loading of the all•• vagoo.a. ln pneral, ~ • IOM 
dtfficultie• auch .. tho.. deacribed abo¥a ~• more or l••• uaa¥Oldable 
and tlley occur on even the beat unaged t...... h'*IU•ncy of their oc• 
cunnce can be af.ntlli•ttcl by • Pt:'OP'• of prewntf.ve utotenance. toe• 
of • a.chine for .,,.n oa.e•h4llf day during plantina or barveatlng opera• 
tiona cen have qutt• 1erloua conMf(U nc••· two •Jor factor• contribute 
to kee tbf.• down t1- to a mnt ... on the c: .. • fara. One l• th• 
pr .. ence of a welder in the fan abop. Many MChinery npatra ean be 
ude U well ln the fan Pop U lA • blckaattll abop 1 and the trip to 
town and waittna for the 'blcknith are •ltm!Mted. f\lrthenon, 
pre .. nce of the wlder on the farra •ncouraa,u repair work to be clone, 
when vuther condtttou pn.veo.t ft•ld work, on ucbtnery vhtch le •«111 
vorklng prope'l'l)' kt which •xlilbf.ta a ...U.•• oi OH kind or *"10thttr, 
OJ' vblcb abov• •laaa of •••••i.w wew which would Mke tt undepenclab1e. 
the other fact.or r•f•~rttd to t• tbe u .. INld• by tha c... flll:ll 
operatol' of i.tlp19111Ut deal•r• • .. nlc••n ad feet Utt.• ln tbe eveot of 
ucbtaery ullu•tlon or bnuaka19. 'l'hi• ••me• la f•'"1U•t11 tiwoud 
end the Mntce rnd•r!lld tuMt in 119t e-• been naHn9blJ •t.ok and 
effective. 
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DlSCUSSlO AND StllMAl.Y 
Th• atudy reported lo tb1• text va etetecl to have tvo objecU.ve•; 
namely. (1) to detenatae the capacitte• of tnlca1 aaehtne• u1ed in low• 
crop production, tn • typical farm •lt~aU.ol\; ad (2) to dtecowr, tf 
poae1b1•. tho•• factor• to aaacbin• management wbtch eootribut• to the 
mo"t• effective u•• of aachlnery. th• ftr•t of tb••• of fer• no great dtf• 
f tculty. S:11t ... ttc t1-d obaenatton of f teld tuka u duty are beifta 
perfor.d will yield tb• tnforutton bet.n1 nught. A conatderable quan· 
tUJ of thl• lnioiutlon b . . Meo collected and ta reported in the text 
along vith th• .. ~lated clrcUllltanc... Tta. atudy vae made oo t~• f leld 
oporat:loae of one fum operator, vub. 64' ac.r .. tn crop•, for th• 1159 
crop year. Tbl• operator v .. •elected I.or etudy on th• prutH tbat • 
., .. aa above average operator and ...,. ..... 
The aecood objective ta aaach mcrre •ubtle and elu•S:ve. After complo• 
tton of tbe time 1tudy data on the c ... farm tbe feeU.aa per•f.•t• that 
the -above promtee la col'r•ct; i.e. that the operator etudW la, 1n 
fact, a aupertor unaaer. lut 1t ,l1 ext1' ... ly difficult to coe1pU• 
tangible evidence of Juat vb.at con•titut•• good uchi•ry un•a-nt. 
Som cwtterta cu be coneidered .. a fr..-workwltbt.n wbtch a judgment 
can be .-de. Certainly a famar•a choice of equf.pamat la an important 
unage•nt dectl•ioa. The m&lllMr and bo1tMpower of th• tractor• vblch he 
~. and the .nWIMr end •1•• of related ruchtnery vlll dfect hi• pro .. 
ducttou coete. heeu.ubl7 • farar hope• to •bow a pl'oftt on h11 
operationa and, vitbio c,ertatn U.aal.te, 011• may aaaume that he would 
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intend ate comp1e.nt of JUC'blnery co be the moat proflt•ble oae for hl• 
potlcular far•· tlnk (10) ba• preael.\ted a utheaatle•l •thod for 
determining the maxtmu• prof it ala• of • roachln• if certain .. awllpttons 
are Mde .nd if •ome beckgrout\d tntorutton, 9\JCh u the effect of time• 
U.ne•• of field operation•• la koOWQ. Appli.catloa of Link•• •thod 1• • 
llowever, qutte involved. He doea thew that 1f there 1• an effect due to 
tt.U.neea of operaU.ona, and this •••• certdn.17 to be •o, then th• 
114¥11lwa profit •l«tb for a ..ahtlMt t• eolleVhat greater than the leaat 
coat width of that uchtoe. He fgrther •bow• that prof it decU.nea more 
~apldly for a w1dtb too ..,.11 than for too gt"AJat a width. 
'---
Straigbtforwud •thod• have kea preeente4 by other•, pal'Ucu1arly 
by Runt (7) - by Lar•on st al. (9) t for ••ttutf.ag ruchiurJ coau. 
lt thould be noted that u 1001 a a uehtae i• ta active ""• coat of 
it• operation camtot IM known •>u•c:tly bffauae tb.• actual depreo1at1oa 
call only be ••ttuted. In practice ••t fanrera depreciate ucbtner:r as 
fut a• th• internal revenue lava allow, nd then take a capital pin on 
the teplCMat ~•l•r'• allowaac• fo.r th• old Mehiae when it t.• traded 
clouda tbe qve1tlon of actual .aachiaery coat•. 
Table 11 preeeot• • COIBl>Ul•on of •elected data froa the c .. • fera 
wt.th data frona •even other l•rae f u•. Tbe far• tn tbe compart•on are 
located tn aortll central lova with topograph7 •lailu to that of the 
caae f Ull. The 1uf onaation pre•ented waa obtained by pel'HUl interview 
wlth tile fana operator•. fhe only criterion for eelection for iatervtw 
vu that the f ar•r •bould ilaw SOO or more acr•• in rotation. 
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lven With a •llDPl• of this welatlvelf 11:1a11 alee, the tnformatton 
II 
pre•euted la Table 1et.14e appol't to tb• earl1er IUa&••tlon that dlf• 
:fereac••· •Jtt•t 8*>tll fca operatol'• f.n th• -autpraent and labor required 
to operate .a enterpd.•• of • given eiM. lut lt l• etUl •rr dtfftc lt 
to cletewmtne Jo•t how gnat the nal dtf fereJJCea ue. Oitfwent tn-1 of 
U.ve1tock anter~1••• reqv1re different eaaouuta of labol'. lt ta hard to 
k.uow j'11t what ce>Mtitut•• au optlaa lwel of mcbaalution. OU fact, 
at J.eut, ca be aoted. Ollly ou corn pluter l• in uae on MC:h of the 
•laht faftal, cad •11 of th•M •••pt ou are 4 ... row plater•. Beeb. of 
the•• 4•row plater• 1• 01ed amwaUy to plant S20 to JSO acr•• of "°" 
cropa. Many Iowa ,_... vltb l••• than llalf tbi• acTeage of C'OV crop• 
al•o u1e 4•row pleatewa. 
rarmera have fre•iieQtly been critictaed fOI' havlna coo mu,ch 
uch1ne1'y, .. well M for havlna ucbtneQ wbtcb i• too luge. Ltnk•• 
10) re.ult• •how that havlng aachtnery th•t ta too larp 1• pnbably l••• 
f a im.ataktl t _ an bavlng uchinery wblch ta too ... u.. Aa for h•·dna 
~---- -- --- - - -
too much maclatuery. a tamer wUl often keep • old uohtoe and bu7 a 
new· one aa wll, vben the tl• COlllle• Chat he fule that he Meda tile new 
rucbtne. Thi• appelll particularly with tractol'•• A farmr _, r•Uoa.• 
alls• that, while he o.e4de a new tractow fO'C' say nuabe~ of good r~aa. 
th• old tractOI' u wol'th at te .. t u mcb to bl• • tbt illplemnt 4ecler 
vUl allow on • trade. So the f armalJ' keep• bl• old tttretol' • buy• a uv 
one aleo, .Md tben llu tvo tr~aort W.r• puvloualy be bad onl7 one .. 
Title 1• uot to ••1 the fariar 1• v:roq tn actlna ta th1• manner. One 
often •••• tu with a labor aupply of two ll8n whteh have available 
74 
c 
used wtll b6 of an older vlntaae. perhap• not fully dependable, OS' 
econoDlicat, for heavJ work, but fully -..ute to handle euch Maaonal 
t•b . . powering an eullage blowel'. pac,td.q •11• · in • bunker tUo,, 
or pulU.ag ••aona from fleld to f_._tead. ruu vltb a •tnele uve .. 
•tock eQterprlte .. , Geed a tractor avatl•bl• tor chore work vtrtuallJ 
every day of tb• Je&l'• Agata an extl'a traotor offer• aoae tnauranc• 
agaliwt aertou• lo•• of tllM ft.'Oa :reakdon of • erector replarly u•ed, 
nd tt npnnnt• • rud117 avallebl• pcMt"l' eourc• to be u•ed by extra 
blred labor tn the •vent farm work fall• behlad tcbeclul• lNcauH of 
adver•• weather. far.era tn PDft•l wtp 8Ucb conatderati.ou .u die•• 
rather cuetully la ac:c;unulac:tns thetr machlnewy ltW4tator1••· 111•1 ue 
uau.aU7 qvtt• ••• tlaat tbia l• GOt the leaat coat .procedure, but tlle7 
•eea to have. • tntut.Uve feeltng tut tt fi1lll.'1 le.S to uxt•• profit•· 
hoper 1111Chtne u•• &nvolvu ach!evtna th• 11Ui.aual output from the 
ucbtn• u U.mit41d by all perttmnt couideratlou, •uch u weather and 
field condltloa1 and .-•U.t:y ot work perfo~. for harveatina woi-k 
tnvolvtq a crev, OftC'eU. cooritnation of the project t• ••••nCial. l'or 
any Job which lncludq th• flow of • •lgnlflct.nt mount of •t•rl•l•, 
Job orgelaatloa i• tllportaut. 'If two or llPI'• oper•tlona -.c IM per• 
forMd t.n aequeace. tbe ayaiea Aoul be orc•l•ed to favor tbe 11>8t 
tf.M coUUl!d.ng operattoo. An obvloua. but pertin•nt, • ._1. would be 
vheeltrack pl•t1 a of con, W.re tb• plowtn1 aiat be delayed uotil 
plaott.111 u... In tlll• aitufotlon tt would uke llttl• HnM to plow with 
a two bottom plow and plant wttb • four•row plater. 4&\otber •UllPl• l• 
7Ja 
~ '~ ~ 1110 fUU.na. ' IU.•P ca be dto,,.d ao tater tban le can be k•led • ., 
"-
fnm tM fOl"a&6 ..... c.3 
Weatta.r concU.ttou Upoff a ••rlO\la lbd.tatton oa ebe .-.at of work 
which• f._t cc p1a to pnfcma wltb a atven _..nt of MC.lltauy. 
Certal:oly • faaer ca 1.talt b'S.elf to that coap1 .. at of aaclalaer7 
vhtch l• ju•t adeclu•t• uader ~ 1cve1'ageu wath•I' condlttou • for in that. 
CMftt lt appear• dlac hi• act.J.ne17 would be taadequah OM JeU out of 
tvo o". the awi-ap. Ia rullty bt• ·•ituatln could be mob vor••· 
11aattoa •iabt be- del~ or pr.-..ate.d in oiw ,..., due to laabtllcy ~o 
,_.ion •prln1 wrk tu tbe availebl• ti.. fte ••t ,.eu plattq tlf.pt 
pl'oeffd accoritaa to •chedule bot • nt J'UM oou1d all.ow wed• to becoaa 
••tuU•IMd ... ••1'1W•11 C"l't:al.l Cl'OP ,,...... I• • dll.d ,.... luae 
101•• ratpt .,. Rff•nd fro.a 11llt&.1, ~.c. A tu..- could tliu• 
nffw HVel'• lot1••• wbil• uperlfmctq "'•ftrap•• ••tlwtr oval' • period 
of Je••· ~' f_._n "ult> t..._.•lw• ff dlat tbe7 ca ,.rfoN thatr 
werk even vbel\ wather ooftdltiou •• .:rr• adwra tllM uraal, ad da•a 
ti\., u•• tb.•11' H•ld -aalPMnt fWi'tMu qr more bot.an a clay vben tMJ 
f••l t1lelll•1Vtt• tu • piaoh for t& ... 
Anaiaal ucbiMr7 t=Nt• :Ulo••AM vltb a tucrMM ln tba value f()f t.IM 
11Mlli•r1 lrw.o~o-ry. •lace uuy of tlae facto&'• contrikt11'1 to aeol\l•rJ 
c•t•. Micb • 4apft'C1•tloa, lnt•n•t, aa4 tau•, _.. directl7 ••1&1'.d 
to tM Mctd.nery law•e.nt. OM wa7 to n4•• PU' ntt cott'la for a 
atven macld.nery t.nve t.017 11 co •pr•ad •• ill'M•tment Oftl' • broM•r h•• 
by uataa ·tb,e IUIQhtury o.a •r• acna ptt 1••· lt 1e of tr1tere1t t~ ttnow 
ti there l• a pM~al oone1atlon utweo fna •la• and UiChiMI')" itWe•t• 
7Sb 
aent per acre. In a atudy of aelect:ed Iowa f ...... , Beneke and Alexacler 
(4) found tbat 11aehinery 1ave•tlll8nt per acre decre ... 4 .. fara •ise 
increased f'foia 160 to 320 acre•, but they found no further decreaae .. 
fara atse tncreoaed to 1.000 acre•. An ••tlaatel of tile value of the 
ucbtoery inventory of the cue fartawu aude and MChtnery tnveetment 
per acre w•• found to be 20.06 clollua. Thia compare• with 2S.t6 dollar• 
for 160 acre fuu, 19.91 dollar• for 320 acre far•. 21.23 dollar• for 
500 acre far•J and 20.04 dollar• for 1,000 acre faru in the 1tud7 
r•Ported by Beneke and Alexqcier (4). 
ls.e Appendix 8 for tabul.-tion of f.n.dlvidual MCh1ae valuea. 
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t•rhap• • •tudy of the cw- preHnted here auffei:• from too •ob 
bre.tth and too Uttl• depth. While inter .. ttna. and l.t ta boped u..-
ful. date wre collected on field •PMd•• tima lo1H1, at'lld effective 
tl•ld c.pultl••• f.t wu oot poa•tbl• to uke detuled 1tudtea of •hailer 
01>4t1.'atloM on other: ,..,., Such o011parat1ve ltw:ll•• would he effective 
lo pointing oP dlf ference• ln ts.ma required by dtlferent operatora and 
..cb1Mt'1 •1•ce. for perfontna 1t.aUu job•. 'l'bel'• 11, edattt-4111 
difficulty ltallereat in attemptlna to Hp&l'ate difference• due to oper• 
&tore from Cb.Me Chae to uchtoery •J•teall. Ao tatenatlq Gd cOt11prelleo-
1i'd •twly of tbl• t)'pe, deallag vttb oat 1eedtna • practiced ln hglbd 
ii r-,ort~ by DUke and Parka (S). 
• tec.hnl.,. Vhlch saipt be ""4 in urlvlna at the ovm:au dlatriw• 
ttoo of l•bor to va1'lou• eaurprl ... wcdd M to have cooper:atiua 1_...r• 
record ucb clay th41 Cl• devoted to cH.ffennt tukl. 'fill• •tbod vu 
uaed by t.oft1prd (11, p. 26) on one f-. for a two yeu pertod, wtth 
appu•ot .... cc•••• ta urtvl.q at labor requtr..-ct ptal' unt¢ of produatton. 
ln 1"eductn1 data to a· per ualt of production b .. i• .• however, the operator 
of a 1••• fertile farm, or tile vlotla of actverH watber coadittoaa u 
dttcr1111aated agatott. Perh~ • better b .. t• for tbtt t71Hl of •tudJ l• 
pel' acre of crop,, although tlM nqutr ... nt• ue not entirely independent 
of procluctloa; ••S• a heavier appUcatloa of ferrtUiur nqutru moi-e 
frequent ftlU.n1 of fertiU.Mr tanka: •bent.er 71eld ueuallJ enutl• 
alanr bavuctng 1pe4'da. 
11 
Power u!ltc• used ta •tudi•• of till• tne might p:rofitabl.y be 
t.ucrullilntted with device• •uch • Servi• bcOl'ciert Whieb uH a clock 
driwn cbart to relate o~rattna tilae and dolm tt• to dMa ti.• of day. 
'?hell' O\ltat.aadf.ng dtaadvant-s• l• • of cour•• tbatt th•J Cam'IOt note the 
reuon vh)' tt wu nee••..,- for Ch• -.cblne to be •topped at ear puts.cu• 
lu u.. fuel contwapttoo •t•r• •r• 4180 avut&ble and th ... at.ght be 
uaed to aat&Mtr valuable information conc•~ntna tractor fU61 cOmlWlftlon 
wbUe ,.tfontn1 vartou• f•na tuke. 
j 1. 
2. 
\,/3. 
4. 
v··s. 
&. 
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'ftaa atbor vlal'le• to •xPru• bt• pattt\JCI• co •ll th.off wbo1e 
cOlll>tued •ffor:u hew atcl• po••lbl• tit• pnparatloq of thf.• tll••l•· 
Cratltwt• ta da• to th:'. K. k. lar•• tor ••u••t1•• the t.optc aDCl for 
pf.d.-e dGrt.n.g tb• t1- while .Uta wre be:t.111 ptlaerect~ Y•ry apecial 
Wr&u are due to tlr. ltlley ~lllett•• the cue fan opet'ator, wU:hoot 
wb.oac cooperation tb11 •tucly could not b.v. bffn ude, aud to botb 
Mr. end Hr1. Gillette for their .__.. boapttal1t7, llacer:e aratltode 
i• aleo e29r .. •e4 to Prof .. 1or Hobart letr••fOl'd Ptl lo De. c. lf. luckhop 
fu tlaeu gutd.ace ad for tlaetl' eoutnettw od.ttct.M of the text. 
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2 
lculatt of Per Acre r11 e utrei1enta 
for field ,-ratt.oo.a 
ro re u1r at• per .ere for •ariou• field operatto • cu be 
calc la a fo la: 
33000( . ) ft- b• • 0.22 
•ta\" 
an ever... t eore&i• 
cal field apactty al'• known, tbe •ner11 re lre.aitt cett be calculated 
from t fonNla: 
la T 1• 12 th• 4rdt 
bMnatio of operatlo i oajunc io wttb tnfor.atlon p~et. tecl 
in 11tfereoce• 16 • 17. 
l i J 
Jlow 
Tande cU•k 
Spib tootb hanrow 
rteld cuJ.U.vate 
Land roller 
Drill p•ill 
Plrlllt C:Ol'Q 
lotuy ~ 
Ctltivate 
Mow ... 
Gbop ba7 
(lat cutting) 
(2nd and 3rd cuttift&) 
Chop oat etlqe 
Qop c:or.a •ilase 
lale hay 
<at -~u.na> 
(2nd, aacl Jrd cutcinl) 
eo.1>1M •07b4iaoa 
Coml>lne com 
Pick dOrn 
l•tluted 
l•tiaaced horaepower 
4r:•ft./ft r•«1~u.-ae 
ll!!f fS .•1 . I -! 
630• 
150 
so 
170 
so 
so 
40 
60 
1oob 
1S 
40 
20 
20 
20 
20 
20 
20 
15 
ts 
10 
•.t.,,.rap plowing deptb • 7 t.ache•. 
brttty pooocf• per IVtlep; 2 hll•P• per foot. 
Tb•Ol'(lt'l• 
cal f i•td .... ., 
capaclt7 1'8q&d ...... l\t 
.!SE••iM!T •·n•/¥E• 
13.86 
3.30 
1.10 
J.74 
l-10 
l.10 
o.ea 
1.32 
2 .. 20 
1.6S 
o.ae 
4 .. 95 4.04 
8.15 2.4J 
2.1s 1.21 
1.39 14.40 
6,4J 3.11 
11.45 1.t2 
3.64 4.12 
2 • .59 S.80 
2.00 s.oo 
Appendtx I : T8"1atton of the Value of the Macld.ury 
laventor7 of the Cue Para 
II J . I I . W 
Jolm hen 70 
Ford 960 
fend truck 
4·14'' plow 
3· 16n plow 
8p1ke tooell IY.-rw 
!ud• dtek 
Field cultivator 
l•rttU.&e'l' •Pl'•eil•r 
Grain 4r:1U 
Corn plater 
Cranule applicator 
lotary hoe 
CO'ro oultlvator 
Coi-n cultivator 
Soybean cultivator 
llow9r 
ltde clettvety r.U 
roraga b&X"•••t•r 
ft&n'e•t•I' head• 
Cor plcur 
Collbiae (1/2 aan) 
Con bead (1/ 2 •bu•) 
Crain dC')'er (1/2 •b..-.) 
llevator end. 9Cttor 
Po.rap blQlllMr 
Vqon box a pa 
Vaaon box aod par 
llanui-e 1oadei-
llanura apre•r 
a.. c;oat 
(dollar•) 
4200 
2600 
2645 
500 
400 
23.5 
670 
550 
600 
880 
21S 
360 
600 
soo 
2'0 
300 
1300 
900 
1400 
2500 
700 
2200 
930 
750 
J60 
560 
440 
450 
llwrap ap of 1111ehlae 
duJ"tna 1959 crop year 
., (D!t•l 
Yalu 
(dollar•)• 
1871 
U.58 
86$ 
361 
178 
105 
219 
40.5 
75b 
%67 
648 
U8 
160 
267 
223 
125b 
111 
68 
42S 
294 
815 
14'4 
407 
1280 
414 
682 
149 
249 
196 
102 
1),838 
-' 
•Coaaputecl by tlMt .,. of cbe diatt• aetbod, .... s.aa • Mdlt• lU• 
of 10 J'8:••· 
bl\lrcb .. • price of ueed -.cbt~ bouaht in 1959. 
